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What's Coming—No show or exposition has 
a wider appeal, interest and value to engineer- 
ing designers than the exposition of machine 
tools. It has been four years since the last 
\lachine Tool Show was held in Cleveland and 
during the intervening time innumerable im- 
provements have been made in the design of 
machine tools. Practically all of the elements 
that enter into the design of any kind of 
machinery will be found in the design of 
machine tools.—electric and hydraulic drives 
and controls, gear and belt transmissions. 
lubrication, bearing mountings and all kinds 
of power transmission units. In addition. every 
designer has a basic interest in machine tools 
because their production ability often deter- 
mines design limitations. For these reasons 
October P.E. will devote more than 50 pages 
to detailed drawings. line diagrams. photo- 
craphs and brief text setting forth important 
design features in the machine tools to be 
exhibited at the Machine Tool Show to be 
held October 3-14. in Cleveland. 
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GEORGE F. NORDENHOLT, Editor 


By All The Laws of Common Sense 


IF A MACHINE part with a hole in it fractures 
across the hole, common sense dictates that the part 
should be made thicker or the hole omitted. But 
a closer analysis of the problem might show that the 
necessary strength can be obtained by putting more 
holes in the piece. Of course a hollow shaft can 
easily be designed to be half again as strong as a 
solid shaft and if it should break common sense 
would dictate that the outer diameter of the hollow 
But the fact is, if the 
hollow shaft had broken because of shock loads 
the correct solution would be to use a solid shaft. 
Because the sap of milk weed is so similar to the 
sap of the rubber tree. common sense showed that 


shaft should be increased. 


if the right process were developed it would be 
possible to make rubber out of the sap of milk 
weed. And certainly any man with common sense 
would not dare suggest that the way to make 
“artificial rubber” would be to make it out of coal, 
limestone and water. 

lf we go back into history we will find innumer- 
able things that ran counter to common sense. The 
announcements that the earth is round, that the 
earth rotates about the sun, that germs cause dis- 
ease. that steamships could be operated more 
economically than sailing ships, all met with de- 
risive Comments and active opposition. By all the 
laws of common sense these things just could not 
be, suid the wise men. 

Common sense plays common. tricks. 
stop» to analyze “ 
mor 


If one 
common sense” it is nothing 
than preconceived notions and convictions 
that innot be substantiated by facts and figures. 
Ofte conclusions that are based on “common 
sens’ are forced upon us by our prejudices. 


Research has been defined as, “Proving untrue 
the things that common sense tells us are true, and 
vice versa.” This is not a good definition for 
research, but the findings of research often do run 
counter to common sense. In short, “common 
sense’ is often wrong. 

Sublime faith in common sense is perhaps the 
greatest impediment to the progress of the works 
of man in the many spheres of his activity. It is 
equally effective as the instigator of destructive 
enterprise and as the throttler of progress. Scarcity 
means higher prices; therefore artificially restrict 
production to gain prosperity. Increased payrolls 
mean greater purchasing power; therefore dole out 
money, lots of it, to bring back prosperity. The 
fact that neither of these two objectives were 
accomplished by the means used has not yet shaken 
the ““common sense” faith of many. 

Every day engineers are faced with suggestions 
that run counter to common sense. It is a high 
tribute to the profession that they do so many things 
If they 
didn’t, expensive stainless steel would not be used 


that are contrary to “common sense.” 


as a structural material, precious metals would 
still be useless. domestic refrigerators would still 
be a novelty and radios would still cost $400 each. 
And the powers of ignorance would still prevail. 
But engineers have learned that there are many 
ways of doing things and the full possibilities of a 
new design can only be established by a complete 
analysis, by making researches and tests and by 
replacing suppositions with facts. The true phi- 
losophy of engineering sticks to the axiom that by 
all the laws of common sense it is only the facts 
that finally count. 
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ALUMINUM PRESSINGS 


Relative Costs. Alloys Available and Design keatures 


] HEREAS in the forging process 
/ the metal 


rolled bar is formed to shape by 


n the extruded or 


repeated blows that force the metal to 
fill the die cavity. in the pressing process 
the metal is die-formed = to shape by a 
eradually applied) pressure. Generally. 
the finished pressing is produced from 
the blank or slug by only one stroke of 
the press. although in) complicated or 
large pressings it is sometimes necessary 
to use two or more dies to make the 
part, a corresponding number of press- 
ing operations being required. 

If the part is relatively small. sym- 
metrical in shape and its pressing re- 
quires relatively litthe metal flow) hori- 
zontally. that is. in planes perpendicular 
to the direction of the applied) pressure. 
the pressing is usually done cold. at 
normal room temperatures. But cold 
pressings cannot be made if considerable 
horizontal flow ol metal is required, 
which would require correspondingly 
high pressure. 

Mechanical properties required of the 
part are also a determining factor as to 
whether a hot pressing or a cold) press- 
ing is to be used. If the finished part 
must be hard. must have a high vield 
streneth. high tensile strength and high 
shearing strength. which can be obtained 
only) from an alloy) with high yield 
strength in the annealed state. it~ is 
usually necessary to produce the part by 
hot pressing. at a temperature above that 
of reerystallization or annealing. 

Summarizing. the capacity of the press 
available and the strength of the steels 
available for making the dies will deter- 
mine the maximum total pressure that 
can be applied for the pressing opera- 
tion. The cross-sectional area of the part 
being produced will determine. for a 
viven total pressure, the unit) pressure 
or. stress produced in the metal. The 
stress produced must exceed the yield 
point strength of the material before 
plastic flow begins. Yield point decreases 
with increased temperature. as shown in 
Table |. Therefore, for a given capacity 
press and a specific aluminum alloy, it 
is possible to produce a larger part as a 
hot pressing than as a cold pressing. 

The common alloys of aluminum, 25 
and 3S. like copper base alloys such as 
brass or bronze. develop increased me- 
chanical properties by cold working. 
The tempers vary from annealed. O. to 
hard H. with intermediate tempers of 
4 H, ly H and $4 H. Heat-treatable 
allovs such as 11S, 14S. 17S. A51S and 


























































Cold pressing aluminum parts 


a 500-ton screw press. Presses 


of this type are sometimes used for hot as well as for cold pressing 


9358 develop somewhat increased mechani- 
cal properties by cold working but they 
depend chiefly upon heat-treatment for 
the development of their maximum me- 
chanical properties. 

\s shown in Table lL. 2SO aluminum 
will be the easiest to cold press. 3S0. 
ASISO. 53850 and 11SO aluminum alloys 


following in the order named. In Table 


Il are given the physical pro; 
aluminum alloys that ean be 
hot pressed. Of this group of a 


25, oo. 19S. ASTS and 535 ‘cal 


pressed. 

Alloys 2S and 3S are comn 
in that they are not heat-treata 
are the most ductile alloys at 


perature and at forging tempe 
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280 re- 
quires the least cold-pressing pressure 
if the alloys listed. However. the 


yield -trength being the least. 


of any 

machinability and mechanical properties 
of 280 are the lowest of any alloy in 
the group. with 3SO following a close 
cecond. It follows theretore that although 
the material cost of these alloys is rela- 
tively low. and although they are the 
easiest to Cold press. they are used only 


for parts which require a small amount 
of machining and which need not possess 
high hardness or high strength to meet 
service, requirements. 


Alloy 


easiest alloy to machine. It is accordingly 


11S is heat-treatable and is the 
used to make parts which require con- 
machining after the 
This 


pressed but can be 


siderable ressing 
| : 


alloy is usually kot 


cold 


operation. 
pressed into 
smaller parts. 

Alloy 14S is heat-treatable. has the 
highest mechenical properties of any 
alloy in the group. and has good machin- 
ability. It is hot pressed. 

Alloy ASIS is heat-treated. has good 
mechanical properties. and is excelled by 
only 11S in machinability. Alloy 17S is 
hot pressed. 

Alloy A-51S is heat-treatable. has good 
machinability. nearly as good as 17S. and 
Since 
this alloy. in the soft temper. A51SO. 
has a vield strength of 7.000 Ib. per sq. 
in, it is the 


excellent) mechanical propert ies, 


easiest of heat-treatable 
alloys to cold press. 

Alloy 53S is 
chanical properties 
than A5SIS. 


heat-treatable. has me- 
somewhat lower 
machines about the same 
and cold presses as easily as A51S. but 
has the best resistance to general cor- 
heat-treatable aluminum 


alloy. This alloy is used extensively in 


rosion of any 


the brewery and chemical industries. as 
itis unaffected by beer or ale and in 
turn has no effect on them. 

Sometimes parts made from one of the 
heat-treatable alloys such as 11S. 17S. or 
A5IS are not 























heat-treated after 
ing. In this state the temper is called 
“as pressed.” The heat-treatable alloys 





press- 


































































in this temper have better machinability 
than either 2S and 3S. By 


parts in this temper. it is thus possible to 


furnishing 


get reasonably good machinability with- 
out the expense of heat treating. 


How 
though this article deals primarily with 
“cold 


of this method of production. it should 


ADVANTAGES O| PRESSINGS. \| 


limitations 


pressing. and the 


be stated that hot pressings can be made 





THIS ARTICLE was prepared by the 
engineers of the Scovill Manufactur- 
Product- 


Division. All alloy and temper desig- 


ing Company’. —Aluminum 
nations appearing in this article are 
of the 
America. The 


those Aluminum Company of 
tables of 


mechanical 
alloys are 
“Aleoa Alumi- 


issued by the 


properties — of 
taken from the booklet 
Alloys,” 


Company of 


num and Its 


Aluminum America. 





from anv wrought-aluminum alloy and 


into complicated shapes. The hot-pressing 
i considerably 


process Is more 


than cold pressing. 
PRESSINGS. — For 


ADVANTAGES OF COLD 


that are of reasonably 


cold 


parts 


design. pressing is usuall 


versatile 


simple 


more 
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economical than hot. for these reasons: 


1. Greater Production Rate 
(a) Easy handling of cold) blanks 
results in faster press production 
(hb) No delays in press) operation 


for temperature checking 
Lower Equipment Charges 
(a) No furnace and auxiliary equip 
ment required 


3. Less Maintenance of Dies 


a) Aluminum oxide. a film which 
- exceptionally hard. forms faster and 
thicker on a hot pressing than on a cold 


pressing. 
lL. Better Machinability 
{a} \ cold 
viven alloy will usually 
than if it 


part pressed Irom a 


have better ma 


chinability were hot) pressed 


from the same alloy without subsequent 
heat-treatment 
(b) In some inst: 


cold 


able alloy. it is not 


nees. where a part 
heat-treat 
heat 


can be pressed from a 
necessary to 
treat in order to secure satisfactory ma 
chinability. Thus heat-treating costs are 
saved 
>. Cheaper to Clean 

The heavier. darker film of alumi 

num oxide on hot pressings is more ex 


pensive to remove. 





Large or complicated pieces and parts of high-strength aluminum alloys are pressed hot 
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es made of aluminum alloys of relatively lower yield strength are pressed cold 
sually a more economical process 





ALUMINUM PRESSINGS AND 
Where greater strength is de 


sired than can be 


FIELDS FOR 
FORGINGS. 
obtained in castings. 
and where it is not commercially feasible 
to fabricate the article from sheet or rod 
aluminum, pressings or forgings may bi 
used for such parts. 

Mechanical properties of some alumi 
num alloys for forgings or pressings aré 
shown in Table Il and for a few alumi 
num die-casting alloys in Table IIL. Even 
though the forging alloys have a higher 
vield strength and tensile strength than 
they have several 


the die-casting alloy. 


times greater elongation. This means that 


the pressings are tougher and have a 
higher resistance to impact. 
If a part can be made from sheet 
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that is, so designed that the metal thick- 
of all of the part are 
approximately the same—or from rod so 
that the part can be turned on an auto- 
matic 


sections 


nesses 


screw machine, it is usually 
cheaper to produce the part by those 
methods rather than to make it as a 
pressing or a forging. This is primarily 
because of the higher speed of produc- 
tion on automatic equipment. It is often 
possible to make as one forging or one 


pressing a part which will replace a 
combination of two or more sheet or 


screw machine products, in which case 
the pressing or forging may be more 
economical. 

If a part meets all the requirements 
when made as a casting. either sand cast. 
cast in a permanent mold. or a die-cast- 
ing, a change to a forging or a pressing 
is not usually feasible, as the forging or 
pressing will be higher in price. 

Frequently forgings and pressings will 
justify their slightly higher first cost in 
many ways. such as: 

(a) Lower machining cost because of 
and dimensional 


racy, hence less scrap 


close tolerances accu- 
(b) Lower finishing cost because of 
smooth surfaces and dense structure 
(c) Reduced operating costs because 
of lighter weight 
(d) Maximum strength with minimum 
weight 
because of 


and 


(e) Dependability. 
form metallurgical mechanical 
properties, which is especially impor- 
tant in parts responsible for the fune- 
tional operation of equipment 

Where light weight is desirable. espe- 


uni- 


cially in reducing “dead” weight in the 
transportation field and on portable 
equipment and tools, aluminum forgings 
or pressings offer many desirable fea- 
tures. The aircraft accessory and instru- 
ment field is a natural one for aluminum 
alloy pressings. because of their high 
weight-strength ratio and good corrosion 
resistance. A few possible applications 
include parts for oil filters, compasses. 
carburetors, radios. 
telephones, tachometers, lighting fixtures. 
pulleys. shock 
similar parts. 


ignition switches, 


absorbers, starters and 
In the field of portable equipment and 
tools, include 


instruments, 


applications carpenter 


tools, surveying cameras. 
thermometers. pyrometers, 
field binoculars, parts hi- 


cycles. mechanical pencils. luggage hard- 


microscopes. 
glasses. for 
ware, medals. guns. fishing reels. paint 
and lacquer spray guns. 

Aluminum forgings and pressings offer 
distinct advantages where the deep rich 
metallic sheen and the wide variety of 
colors, which can be furnished with alu- 
minum “Indurited”™ 
aluminum 


anodized 
asset. A few 
possible applications include hardware 
and trim for use in and on automobiles. 
aircraft. 


surfaces. 


finish. are an 


Pullman and dining cars, re- 


frigerators, stoves, radios, electrical ap- 
pliances and lighting fixtures 

Where high 
necessary, aluminum pressings can be 
used successfully in contact with 

(a) Sulphur 


corrosion resistance Is 


(b) Sulphur gases. such as flue gases. 
natural gas. manufactured gas. sulphur 
dioxide, and hydrogen sulfide 

(c) Sulphur compounds, such as crude 
oil, fuel oil. lubricating oil. gasoline. 
rubber and molded rubber products 

(d) Naval stores, such as rosins, rosin 
oil, pine oil, and turpentine 

(e) Concentrated nitric acid, concen- 
trated acetic acid. butyric acid. and pro- 
pionic acid 

(f{) Acetic anhydride 

(g) Formaldehyde 

(h) Hydrogen peroxide 


(i) Glycerin 


(j) 


(k) 
(1) 
(m) 
(n) 
(o) 


distance and volume of metal flow jin 
every direction will be held to mini 
mum and uniform in each direction 
Well-rounded corners around which 


Edible 


fats, 


such 





Distilled water 
Gelatin and glue 
Milk 


Fruit juices 


Bee 
In the design of any part sy 
is an important factor in order that the 


as 


lard 
table shortening and margarine 


metry 


will be easy for the metal to flow wil 
also contribute greatly not only to re 


ducing the press pressure required but 
also to increasing the die life. This last 
is especially important in the case of hot 
pressings. In general, the same desig 
precautions and requirements apply to 


cold or hot pressings as apply to forgings 





Table I—Relation of Yield Point to Temperature 





TypetcaAL YIELD STRENGTH 


ALUMINUM 


ALLOY AND 75 300 
TEMPER Dec. F. Dec. F. 
2 SO 5.000 3.500 
3 SO 6,000 5.000 
11 SO 8.000 
a 7.000 5.000 
A51 SO 7.000 


100 
Dec. F. 
3.000 
1.500 


1.500 


Ls. Per Soa. IN. 


500 


Dec 


2,000 


» 


500 


» 
Dye 


500 


600 


Dra. F 


) 


» 


500 
,500 


500 


TOO 
Dic. F 
1.000 
» O00 


» O00 





Table 1—Mechanical Properties of Aluminum 


Alloy Forging: 





MINIMUM SPECIFICATION VALUES 


Typrcan VALUES 


Nor GUARANTEED 


TENSION HIARDNESS SHEAR FATIGUE DENSITY 
YIELD 

STRENGTH ELON- BRINELI ENDUR- 

(SET ULTIMATE GATION 500 Ka. SHEARING ANCE 

0.2% STRENGTH Per Centr Loap STRENGTH LIMIT 
Ls. Per’ Ls. Per IN 2 10 w™. Ls. PER Ls. Per Lp. Per 
ALLOY Sq. IN. So. IN. INCHES BALL So. IN. Sa. IN. Cu. In 
118S-T 34,000 55.000 12.0 90) 31,000 13,000 0.101 
14S8-T 50,000 65,000 10.0 130 15.000 15.000 (101 
L7s-T 30,000 55.000 16.0 100 35.000 15.000 0.101 
18S-T 35,000 55,000 10.0 100 0.103 
25S-T 30,000 55,000 16.0 100 35.000 15.000 () 101 
Bo a fl 10,000 52.000 5.0 L115 38.000 14,000 0.09% 
A5i1S-T 34.000 14,000 14.0 90) 32.000 10,000 () 098 
538-T 30,000 36.000 16.0 7d 214,000 11,000 () 09% 
708-T 10.000 50,000 16.0 85 37.000 19.000 0.100 

Typical Mechanical Properties of Wrought Aluminum Alloys 

2S-H 21,000 24,000 15.0 14 13,000 8.500 (). 098 
35-H 25,000 29,000 10.0 55 16,000 10,000 (). 099 





Table II—Typical Mechanical Properties of Aluminum 
Die-Casting Alloys 








—: 
TENSILE YIELD 
STRENGTH STRENGTH ELONGATION ENDURANCE 
Lp. PER Ls. PER Per CENT Livir LB 
ALLOY So. IN. So. IN. IN 2 IN. Per So. IN 
3 33.000 18.000 1.8 15, 000 
3 29 000 13.000 ee 
81 32,000 24,000 1.3 Lo, 000 
8? 14.000 0.2 
83 30.000 14,000 3.5 1} 500 
85 35.000 19,000 a (00 
93 33.000 20,000 1.0 
ad 
PropuctT ENGI> EER 


Vege. 


N THE 
speed 
determ 
the follow 
an be obt 
n the co 
am and 
am, when 
follower Is 
eleration 
eaves the 
in impact 
bjectional 
essive wei 
lo deers 
losed face 
ised to li 
letween th 
Practic i 
ount elast 
sibility of 
faces, T] 
those en 
lecade avg 
N-metal| 
ause of 
ined. Tt 
e cam. 
N-meta | 
itther e\ 
lime with 
© Mate 
were sati 
The pl 
materials 
gh sper 
*d to t] 
“tearing, | 
TOrs jn 


Yeptem| 





369 


ILAMINATED-PHENOLIC CAMS 


- Design factors and Relative Advantages 


G. J. TALBOURDET 


Research Division, United Shoe Machinery Corporation 


\ THE DESIGN of cams for high 
speed service, with the inertia loads 
determined and the applied load on 
igs B the follower known, an approximation 
- an be obtained of the total load exerted 
n the contacting surface between the 
ry am and roll. At the crossover of the 

am, when the velocity imparted to the 


ED 


follower is at its maximum and the ac- 
eleration changes direction, the roll 
eaves the cam surface and returns with 
EP n impact or a series of impacts, causing 
bjectionable noise and vibration and ex- 


Mh essive wear of the cam and roll surfaces. 
. _ deere ise the intensity of impact. 
losed face cams and conjugate cams are 
3 ed to limit the amount of separation 
: etween the cam and the roll. 
Practical design must take into ac- 
08 ount elasticity of material and the pos- 
% ‘bility of imperfect cam and roll sur- 
we laces, These conditions are similar to 
‘hose encountered in gearing. About a 
lecade ago, experiments undertaken with 
a ‘-metallic rolls gave poor results. The 
, duse of failures could not be deter- 
me B uned. It was not then apparent whether 
l ‘le ecam. or the roll, should be made of 


n-meta| material. Three years ago. 


— § ther experiments were attempted, this 


‘ime with cams made of laminated phen- 
NCE € materials. As hoped for, the results 
) The properties of laminated phenolic 
laterials which make them suitable for 
) # speec cams are the same ones which 
) ‘d to th application in the field of 
( ““aring. |. gear design, the influence of 
rs in ‘ooth profiles, tooth spacing. 
ae fy ecce icity is appreciably reduced 
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when using laminated phenolic materials. 
which accounts for their successful appli- 
cation on high speed gears. This was 
definitely ascertained by Professor Earle 
Buckingham of the Massachusetts Insti- 
tute of Technology as described in his 
publication “Dynamic Loads on Gear 
Teeth” and since then has been further 
substantiated in practice. The low modu- 
lus of elasticity of these materials allows 
greater deformation of the contacting 
surfaces. greater tooth deflection. lower 
impact loads on the gear teeth, resulting 
in less noise in operation. 


Elasticity of Material 


In the design of helical or spiral gears 
mounted on non-parallel shafts. the use 
of non-metallic materials has proved sat- 
isfactory. As early as 1930, an analysis 
of the nature of tooth contact made it 
apparent that the elasticity of the gear 
material has an important bearing on the 
resistance to wear of the tooth. With 
rigid bodies, gear teeth have practically 
point contact; with elastic materials, the 
size of the area contact depends upon the 
elastic deformation of the compressed 
surface. Since laminated phenolic ma- 
terials have a modulus of elasticity 1 30 
that of steel, elastic deformation is many 
times greater. On one drive where both 
members were case-hardened steel, the 
useful life was a few days only, but after 
replacing one steel gear with a laminated 
phenolic gear, no tooth wear could be 
detected in more than three months serv- 
ice. Since that time, excessive wear on 
spiral gear teeth has been usually elimi- 


nated by the use of non-metallic materials 
for one mating gear. 

Laboratory tests and observations in 
the field have proved that the choice of 
mating gear material requires serious 
consideration. The use of bronze, alumi- 
num. and soft steels should be avoided. 
Case-hardened or heat-treated steels and 
a good grade of cast iron give best re- 
sults. Heat-treated steels, however. should 
have a minimum hardness of about 300 
Brinell, otherwise scoring of the tooth 
surface may occur. Fig. 1 gives an illus- 
tration of toothwear on a soft steel gear 
mating with a non-metallic gear. 

Nickel- or molybdenum-cast iron, heat- 
treated by the interrupted quench 
method, runs well with laminated phe- 
nolic materials. Such cast irons are 
effective for worms mating with non 
metallic gears. Care must be taken not 
to reverse the materials. 

Up to a few years ago, the determina- 
tion of the safe load for cam = surfaces 
was a matter of judgment and expert- 
ence, since no data were available. To 
obtain the required information, the Re 
search Division of the United Shoe Ma- 
chinery Corporation undertook a series of 
tests in Professor 
Buckingham who had designed and built 


collaboration with 


a testing machine that determines the 
surface endurance limit of materials sub 
jected to rolling or combined rolling and 
sliding contact such as occurs in gears, 
cams, and rollers. Since that time many 
materials have been tested, among which 
While the in- 


vestigation is still in progress, sufficient 


are laminated phenolics. 


information has been obtained to give a 
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Fig. | Tooth wear on soft steel gear taken out of machine after Fig. 2. High speed failure in laminated phenolic cam caused by & fj 3- Sec 
mating with non-metallic gear internal friction shown by blisters and darkened surface layer 


good indication of the wear factors which 
can be used in cam and gear design. 

The following simple expression de- 
rived from test results and application of 
the test results and application of the 
Hertz equation, can be applied to deter- 
mine the safe wear load on cams. 


KF 
W 


\W here 
HW normal safe wear load on cam sur- 
face in lb. 


K wear load factor in lb. per in. of 
face 
F effective width of contact in in. 
R radius of cam roll in in. 
R radius of curvature of cam track 
in in, 
The radius of curvature of the cam 
track R. can be determined from— an 


analysis of the cam motion, or a good 
approximation can be obtained directly 
from the detail drawing. Because of the 
cam pressure angle. the normal load on 
the contacting surface is greater than the 
resisting load on the cam roll. Therefore 
normal load and not resisting load on the 
roll should be considered. 

The only be applied for 
conditions of rolling contact. When. slid- 
ing occurs, 


formula can 


the value of wear load factor 
AK decreases, depending upon materials. 
applied load. and rate of sliding. For this 
reason, the proportions of the roll and 
roll stud bearing should be carefully eon- 
sidered. and means should be devised to 
maintain rolling contact between the sur- 
faces of roll. Thus lubrication 


cam and 


of the cam roll stud bearing is an im- 
portant factor. The use of grease or semi- 
fluid grease on the cam track should be 
avoided because of its tendency to intro- 
duce a sliding action between the sur- 
faces in contact. Light 
satisfactory. 


machine oil is 


With metallic materials, the total num- 
ber of repetitions and not the rapidity of 
the the 
surface wear. Laminated phenolics. how- 


cycle determines resistance to 
ever. have large elastic deformation. high 
internal friction, and poor heat conduc- 
tivity. Through its influence on operating 
temperatures the rapidity of the cycle be- 
comes a critical factor. 


Test Results 


From the results of the investigation 


made with materials. the 


following facts have been determined. 


non-metallic 


SURFACE ENDURANCE LIMITS of lami- 
phenolic materials vary for ma- 
terials from different manufacturers. For 
that reason and for lack of more informa- 


tion, wear factors cannot be given. How- 


nated 


ever, data from the investigation pursued 
by Professor Buckingham will be made 
available in the future. For an idea of the 
value of the wear factor. at a speed of 
650 r.p.m.. the safe wear load factor. K, 
is approximately 1.300 lb. for the best 
non-metallic material tested to date. 


UNLIKE METALS, speed affects the sur- 


face endurance limit. of 


phenolic = ma- 
terials. The greater the speed, the 
smaller their endurance limits as shown 


in Fig. 2. Some laminated phenolics are 


superior to others because of variation in 


the elastic deformation. internal 
and heat conductivity. 

FAILURE A 
the 
friction in 


HIGH SPEEDS Is 


of excessive internal 
the material 
causes the appearance of blist 
darkened surface layer. 


result 
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Ar LOWER the intert 
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surface wear occurs solely bee ause ot ¢ 


cessive stresses set up in the ma 


SURFACE WEAR RESISTANCI 


nated phenolic materials compa 
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of 
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Tes la 


orably with that of good cast iron 


the results of 
non-metallic 


cam motions. 


From 
with 


tests. 
gears. and st 
it was found that | 
phenolic materials used for cai 
the following advantages: 

(1) Tend to 
deaden noise 


absorb. vibrat 
set up by contact 
surface and mating roll. As w 
surfaces of laminated phenoli: 
influence of the irregularities © 
surface is minimized. 

(2) Reduce impact loads bet 
and roll at crossover of cam | 
the greater deformation of the 
face during impact. Other thi 
equal. a laminated phenolic =| 
deform many times more unde! 
sion than a steel surface. 


(3) 


Have good resistance 
wear. comparing favorably w 


When sp 


enduranc: 


grade of cast iron. 


excessive. surface 
sometimes greater than that o 


cam shafts operating at vari 


Decrease influence o 


and starting and stopping 
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by Fig, 3- Section through a cam which had failed at high speed, as Fig. 4—Failure and breakdown of surface of a laminated phenolic 
ver & indicated by the darkened surface layer cam caused by fatigue of material 





; ; develop less internal heat. making them 
Since accelerations and decelerations in- facturers. cam molding has been at- . ; . . 
. . . ‘ superior for high speed requirements. 
troduce inertia loads which result in tempted and has proved to be successful. \. witl hoj 64 
: — - s gears, Cc e the mat 
nl greater stresses in the driving parts and Machining costs are reduced enough al- wit Aa " a ealiicccansa I : ; 
: . ¢ material is ‘tant. » use 
( increased loads on the supporting bear- most to offset the greater cost of material. “be mate a by Bigng e r ‘. 
il ngs. reduction of the rotating mass gives yronze, aluminum, and soft steel for 
; want “¢ , : . rolls should be avoided. Hardened steels 
I smoother operation and longer life. Effect of Graphite , 
(5) Are easily balanced. Since lami- and heat-treated cast iron are to be pre- 
ile: . i a : : ' rred. ‘re again, surface finish and 
nated phenolic materials are about 1 5 In using phenolics for cams, it has ferred — ae a aenet 2 i “ee 
é " , e ; accurate machining of cam and roll are 
h to 1 6 the weight of steel. balancing of been found that those containing five to neta vibinag -* 
7 ee ae f : . important. Care must also be taken to 
a ams is considerably easier. seven per cent of graphite are most suit- a ‘ 
Con 3 have sufficient material between the sur- 
| (6) Can be molded and thus reduce able. When operating at low speed. the . 
aaah . woe eae ee face of the track and the hub; otherwise 
. lachining costs. A serious objection to presence of graphite insures lubrication. nie ' 
in a ‘ . ser surface failure will occur. 
fa ie use of non-metallic materials fot At high speed. continuous lubrication is 
ams is the cost of the material. In co- necessary as a cooling medium. Graphi- \ phenomenon which merits some con- 
peration with one of the leading manu- tized laminated phenolic materials also sideration is the aging process taking 
lace in laminated phenolic materials. 
pl l ted pl | t | 
a — Tests show that the limits of surface en- 
al ° . ‘ 
durance increased with time, but so far 
la\ 


the exact relation has not been deter- 
mined. It is hoped that more knowledge 
on this subject will be available. 
Hardened Steel and Non- Metallic Rolls 
ot Both 2.30 diam.-1in. width 

t 764 Lb. Constant Load 


Some change in the size and form 
takes place during a certain period after 


wu -& OO WW O— 


the molding operation: this has been ob- 
served in the closing of the track in 











c 

= 

‘a 2 ; ai ; 
| yy closed face cams. The amount of this 

on change and the length of time of aging 
r 2 
7 5 \ have not yet been completely established. 
. RA 8 Recently it was found that. following a 
re é suitable heat-treatment of the molded 
W fe) 
i ce 5 parts, the dimensional changes in the 
N v a r ’ ; 

2 material are only in the order of a few 
r E 5 thousandths of an inch. For example, 

= 9 with an 8 in. diam. disk. the reduction in 

| diameter was only 0.0015 in. at the end 
. | Life, Total Number of Cycles | | ||| of a week following the heat-treatment. 
é | rs = . It would be well for the designer to 
; 
a 10 10 10 remember, however. that the choice of 
a henmeemeees the proper material is not always the so 
on : »—En lurance test for laminated phenolic cam materials, plotted logarithmically, lution to cam problems. Correct design 
‘wing ration of endurance limit and speed is still a most important factor. 
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Landis Ball Bearing Race Grinder 


Pumps. 
ment al 
at rear ot 
anism wl 








Representing a departure from the drive motor, housed in compartments in lector switches interlocked with a hy 
conventional grinding machine in ap- the bed. Elements are accessible through draulic circuit. Work is sized automat 
pearance, the new Landis Tool Race-A- large doors. front and rear, fitted with cally by a Landis-Solex sizing devi - 
Way grinder has all mechanisms. con- concealed hinges. Machine movements operating in combination with an elect! ; 
trol relays and motors, except wheel- are controlled by pushbuttons and_ se- timer. See wiring diagram, next pag eet 
= 





ee 








Schema 
Oscillating head is mounted on pre- a constant-speed 42 hp. motor. Four os- stant-speed Y% hp. motor. W ‘eel-bas wheel } 
loaded ball bearings rigidly supported in cillating speeds are available through shown at the right arranged fo; inter ment of 
the bed. Oscillating movement is ob- cone pulleys and worm gear reduction grinding, is moved in and out posit side of 
tained by an adjustable crank driven by unit. Work spindle is driven by a con- by a hydraulically-actuated cr: motiol Work sp 
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Py - Master 
, safety switch 


Work-drive 
motor 


All wiring en- 
Ss cased in lead 
’ cable 


“+ 


" \Vy Pm 


Pumps. filters, hydraulic equip- and out of grinding position consists of a motion moves the wheel base, while cam 


ment are housed in the compartment combination of crank and cam with a motion moves the wheel slide, giving 
at rear of the machine. Hydraulic mech- paddle type hydraulic motor lying be- pure harmonic motion and rapid, smooth 
anism which moves the wheel base in tween the two and actuating both. Crank acceleration and deceleration. 
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NECT x4. S/ZING ‘ ACCURATE STOP OF MERCURY 
“i 74 a OSCILLATING HEAD CONTACTS 
“he 
SX 4" Nats 
L3 wi? TT if SW. A= WATER SELECTOR SWITCH 
it os Sa SW. B= CYCLE SELECTOR SWITCH 
L2 NO. 11 - WATER VALVE SOLENOID 
ae | 
LIN 4} ce 4 NO. 12 - VANE MOTOR VALVE SOLENO/D 
LI , » 9 NO. 13 FEED SOLENOID 
4} Li J NO. 14 - SLOW FEED SOLENOID 














ieee a’ S/ AND S2=S/ZING DEV/CE CONTACTS 











Schema:ic control cireuit. At start, device moves into operative position. timer in operation and for a fixed, brief 





hast Wheel ba - feeds in rapidly, cross move- When work is practically to size slow- time the wheel sparks out until work is 
ores ment of wheel slide brings wheel in- feed stops and work-head_ oscillation down to exact size, wheel base moves to 
a ‘ide of work head oscillation and stops with head centered. Sizing device starting position, work rotation stops. 

stio work sp ‘ rotation start and the sizing controlling these two operations — sets {dditional details on next page. 
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Modern Designs—Automatically-Controlled Grinder Moto: 


Continued from preceding pages 
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tee crank 
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Torque 
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B draulic cy 

Worm gear : 4 | power mt 

Speed reduction 
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Front compartments with doors spindle. When control panel doors are trouble caused by oil deterioration. Th 
swung open showing electrical contactors opened, the entire electric circuit is machine is furnished with complete ele 
and control mechanisms. — timer-Solex killed. All wires are in lead or synthetic trical equipment and shipped entirely 
control unit and V-belt) drive to work rubber cables to insure freedom = from wired and ready for operation. 






“t 


Oscillating 
work head 





Sizing 





device 
Sizing deviee operates on the prin- stituting in effect a mercury switch con- Ceolant unit. used when there is ™ 
ciple that if air escapes from a pressure trolling the various feeds. On the centralized coolant system, con ists 04 
line. pressure in the line is affected by external machine shown, the air gap is water reservoir and vertical pomp W! p 
the size and shape of escape outlet. This controlled by a diamond-tipped plunger an individual driving motor. nagn ovidi, 
, ° ‘ ‘ ‘ 1] in j 
pressure variation changes the level in a which rides against the work between cally-operated valve contro coola d boil 
mercury tube and closes contacts. con two carboloy shoes. flow regardless of system ust PS an 
; = a 
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Motors Replace Solenoids 


az 


Dt | 











Terque motors that perform duties batch-receiving hopper until it empties torque motors operate pilot valves that 
ordinarily done by solenoids or by hy- and a new section is positioned for the control main hydraulic valves: motors 
draulic cylinders in applications in which next batch. The motor must be stalled stall three times per minute. Torque mo- 
power must be exerted to a_ standstill. across-the-line until the next batch is tors can be wound for 1, 2 or 3 phase a.c. 
In the Syntron weighing machine at the weighed. In the Hydro-Power Systems’ or for d.c. Can be used to release brakes. 
left, an Ohio torque motor rotates the press above. two vertically-mounted Ohio operate valves, clamp machine members. 
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BROILER WELL 










Compact precision § testing ma- 
ehine developed by the Taber Instru 
ment Company. for measuring resistance 
to rubbing abrasion, is powered by a 
special geared-head motor. Clutch pet 
mits manual rotation of specimen holder 





while observations are made. Two sep 

















of 4 arate fan systems are used: one cools the 
wi motor and the other impinges on speci 
Providi aot ; a a z . : . ° ' © . é 
me ing’ protection against stains for the first time in regular production men holder. Air intake is at the rear. 
ila ” boil ers, Armco 18-8 stainless steel for the 1939 line of Eagle Foundry Com- Cast aluminum base is finished in black. 
PS and back-guards are being made pany domestic ranges. baked wrinkle enamel. 
Senta . 
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Modern Designs—Offset Engine Improves Cultivating Visibility 


To meet small farm needs in culti- 


vating equipment. 


low-priced Farmall 


»nbination manifold 


can be adapted fo gas- 
oline. ais 


ristlqare OF Ker- 


Engine has removable cylinder liners 
and removable valve guides. Engine has 
3-in. bore, 4-in. stroke. operates at  nor- 
mal governed speed of 1400 r.p.m.. has 


cylinder engine is offset to the left. and 
International Har- the operator's seat to the right, 
vester Company engineers designed the clear vision ahead and under the tractor. 


tractor. The four- 


“ 


giving 


Fuel can be gasoline. distillate or kero- properties and increase part life. 


Z 
; Governor 
Ae contro/ 


“ 
— 


Redr wheel” 
brake pedals 


/ 


Sponge -rubber 
seat, covered by 
waterproof duck... 


full pressure lubrication. Tractor has Throttle lever arrangement 4d stee! 
four speeds forward ranging from 214 ing 
gins g 


7 


gear support. 
to 10 mi. per hr.; 2%, mi. per hr. reverse 


Independent rea! 
brakes can be locked together h Jat 


speed is available. for simultaneous operation. 
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sene. Transmission parts are of chro- 
mium, molybdenum and_ nickel steels. 
carburized to improve wear and hardness 


Front sh 
remov ed | ) 


reversible 


Teleseoy 
nent, per! 
vage for 


iltivated 


Rear wi 
18. 59 5¢ 
Making } 


Variety 
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Front shell and engine cover are easily 
removed by unscrewing four screws. Non- 
reversible steering mechanism = consists 


Telescoping front axle. extra equip- 


ment, permits adjustment of front wheel- 
sage for various widths of rows to be 
tivated. Clamp on tube has a pin that 


eel 
Rear wheels are adjustable to 40, 44. 
real Q ep - ‘ 

18, 52, 5¢ ). 64 and 68 in. wheel treads. 
ate! making P 


Variety ( 
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of worm and sector-type gears mounted 


on ball bearings. The mechanism is 





tractor adaptable to a wide 
'w spacings. To obtain vari- 


9» 
Od 





Variable-speed governor makes [ull 
throttle available at any engine speed he- 
tween 900 and 1400 r.p.m.. thus tractor 
operates at slow speeds without loss of 


pulling power. Control is at driver's seat. 


sealed in an oil-tight gear case. 


fits into holes in the smaller inside tube 
and holds axle rigidly in place in the 
various extended positions. Hitch for cul- 
tivator attachment is also shown. 





Oil filter of the absorption type has a 


replaceable element. Crankease oil can 


be used for 120 hr. between changes. 


> Adjustment 
for weight 


Adjustment 
for stature 





ous gages dished hub can be mounted in Sponge-rubber seat. duck-covered, is 
adjustable for weight and height of 
operator. It can be tilted up out of the 


and wheels can be reversed. way tor standing operation of tractor. 


any one of two positions. wheel can be 
mounted on hub in one of two positions. 
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Modern Designs 





Pumping unit. of the Moineau type. 
stainless 
helical- 


consists of a helical-contoured 
steel that 


contoured rubber stator, creating positive 


rotor rolls inside a 
pumping action. Polished line shaft has 
chrome bearing surfaces running in 
fluted rubber bearings. Known the 
Peerless Hi-Lift. this pump will lift 50 
gal. per min. 200 ft. at 1760 r.p.m. using 


as 


a single pumping unit. 























Control for 


Hole for 








width o Spray mounting bracket , Leather 
. \ \ / washer 
Stainless \ \ ie ‘ 
4 =] > / / \ ; / 
stee/ nozzle 4 ‘ Se J 
\ ‘ y 
\ A : J 
con y \ i 
S(O By ee: 
4 Sen) (A : yr CAS } Nowe 
“rat Eis | Ss S 
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Paint line --~ ; 
Atomizing 


air connection” 





0030) —— 





: 


Fluid control 
Screw 


=Cylinder 


air connection 





Streamlined, automatic spray gun 


has a plunger. actuated by an_ inde- 
| : ; 

pendent air supply. which opens and 

closes needle valve that controls spray. 


prevents spitting 


Quick 


and dripping. 


positive action 


Gun body is drop-forged, 





body 


Opaque transparent 
lens of the Delta Electric Company's 
Guardlite with 
acetone to look like one piece. This new 
tail-light Zid lens 


gives 2 


are cemented together 


bievele deg. 


nickel-plated bronze: nozzle is di 
forged. chrome-plated bronze: net 


valve and fluid nozzle are hardened sta 


less steel. Needle valve stem can 


t 


justed) for wear. Designed hy Bink 


Manufacturing Company. 


Opaque plastic housing- 
— cellulose acetate 
Su ltch-... 






ground plate ee 


Transparent red plastic 
ce//ulose acetate -- 


visibility. Soft rubber mounting prevel 
rattle and insulates electrical ;/ate ™ 
bicycle fender. Plastic parts were mold 
of Tenite by the Chicago Molded P 
ucts Company. 
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STORED ENERGY 


Comparative Analysis in Terms of Weight 


N THE 


tempt is made to evaluate the various 


following analysis. an at- 


forms of stored energy in terms of 
weight In connection with the study of 
With the 


exception of energy obtained from well- 


auxiliary power in airplanes. 


selected upward air currents. refueling 
from other aircraft. oxygen for combus- 
tion, and minute amounts of absorbed 
radiant energy. all energy available in an 
airplane for propulsion and for auxili- 
aries must be loaded on board before 
takeoff. and so definite 


weight to be earried. The use of heavy 


represents a 


energy. sources Is” often 


justified: tor 
airplanes are successfully powered for 
very short flights by rubber bands. and 
steel springs as is well known are used 
to supply the small amounts of energy 
required by watches and clocks. 

However, suggestions often advanced 
nvolving energy storage. while possibly 
not completely fantastic. are still so far 
from the optimum designs obtainable. 
that a fresh start. based upon more sound 
concepts of relative weights. is usually 
necessary, It is with the latter object 
inmind that this comparative analysis Is 
given. Since electricity is usually con- 
sidered as the primary means for dis- 
tributing auxiliary power. evaluation. is 
made in terms of the electrical unit 
pounds per kilowatt-hour. 

In analyzing a given load or set. of 
loads several factors other than the 
weight of the energy-storing matter must 
he consi lered. 


weight 


Among these factors are: 
f energy-conversion equipment. 
efheiens ot 


energy-conversion | equip- 
ment. reversibility of operation. posst- 
lity of combining several non-simulta- 
neous loads for operation from the same 
ehergy-conversion equipment, possibility 
of inereasing size of existing energy- 


Conversion equipment to handle addi- 
llonal lovds at a smaller weight than that 


ob addivg new equipment, amount of 


power allable safely from energy- 
xt © . 
‘Orage vedium., and amount of weight 
educti of the energy-storage medium 
ds the & orgy is expended. 
The imate, as we may now considet 
le me cing of the word “ultimate.” 
ns expressed herein are thos 
and are not to be construed 
inge the official view of the 
tment 
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VERNON H. GRANT 


Bureau of Aeronautics, Navy Department 


application of energy on an airplane may 
be classified as follows: (1) Mechanical: 
Rotation such as main propeller, gyro 
Hywheels and propeller pitch adjust- 
ment: Translation such as landing geat 
retraction: (2) Electricity: radio. light- 
ing: (3) Heat such as cooking. oil 


heating. 


The conversion steps involved in pro- 
ducing energy in one of these forms from 
one of the sources listed in the accom- 
panying table may be quite complex. 
For example. landing gear may be. re- 
tracted electrically by the following 
process using an engine-driven generator. 
a motor. and necessary mechanical link- 
age: 

lL. Gasoline to heat: 

2. Heat to gas eXpansion: 

3. Gas expansion to translation: 

}. Translation to rotation: 

5. Rotation to electricity: 

6. Electricity to rotation: 

7. Rotation to translation. 

In each of these steps there is involved 
a fixed weight of conversion equipment. 
roughly proportional to the rate of con- 
version, or power. Also, the weight of 
fuel is the weight taken from the table 
for the amount of energy divided by the 
overall conversion eficiency. which is 
often quite low. 

\s the time of operation of a load is 


lecreased. the fuel weight 


a becomes a 
smaller and smaller factor. The weight 
of conversion equipment usually — pre- 
dominates. except for continuous loads 
on long-range airplanes. 

For loads of large magnitude and short 
duration. where the weight of energy 
conversion equipment is high. it is often 
found advantageous to eliminate some of 
the conversion steps by interposing a re- 
versible-energy storage device. which can 
he charged over a long period. Thus. in 
the example given above. the first five 
steps can be eliminated. at least for the 
duration of the load. by the use of a 
storage battery. and the size of the 
energy-conversion equipment can prob 
ably be reduced accordingly. This _ is 
important as the time of 
operation is reduced, which indicates the 
necessity ot 


increasing! 
using — reversible-energy 


storage equipment capable of — rapid 


discharge. 


For a given set of conditions. only a 


limited range of solutions of nearly 
equal merit to an auxiliary power prob 
lem is possible. The fact that different 
designers obtain widely varying results 
when confronted with similar problems 
indicates that 


(a) the problem is not being attacked 


of this nature generall 


from a strictly engineering standpoint: 
(b) only a single piece of equipment 
under design is being considered, rather 
than the auxiliary power problem of the 
entire airplane: (c¢) sufficient time for 
complete analyses of each problem is not 
available: or (d) different assumptions 
as to operating conditions or necessary 


safety factors are being made. 


Veed for Research 


The necessity for basic research on the 


problem of auxiliary power. and the 
formulation of general requirements fort 
the guidance of designers is apparent. 
Considerable work along this line is now 
in progress. and tangible results are ex- 
pected in the near future which will 


simplify calculations and = design pro 
cedure. 

These symbols will be used in formu 
las which are developed and included 
in this article 


Ww weight, lb 
unit weight of material, 0.285 lb. cu 
in. for steel 
allowable working stress, assumed to 
be 6x 10° Ib sq. in. for steel 


a area of cross section, sq. 1n 
thickness, in 
radius. in 
p pressure, lb. sq. in 
volume eu. in unless otherwise noted 
E energy 
| velocity peripheral 


Combustion Sources of Power 
Von-Reversible 


Gasouink. Equivalent gasoline weight 
is approximately 0.18 Ib. per kw. hi 
Container weight usually is about 10) pet 
cent of the gasoline weight. roughly 0.02 


Ib. per kw. hr. 


HypROGEN GAs. The lower heat of 
combustion of H. is 52.920 B.t.u. per Ib.. 
equivalent to 0.06 Ib. per kw. hr. Assum 
ing hydrogen to be a perfect gas. and the 
container sufficiently thin-walled = (rea 
sonable assumptions up to pressures of 
about 3.000 Ib. per sq. in.). the container 


weight may be developed for a sphere. 








380 


which is the optimum shape from. the 


standpoint of weight: 


HW 4 r? tu l 
T P pr ) 
a 9 = 

4 rif , vu 
iN 

.. 

W Ipviu 
- 4 
At a given temperature pr K o 


Accordingly, K 
atmospheric pressure (14.6 lb. per sq.in. ) 
for a quantity (1 Ib.) of 
(H.) at a definite temperature (O deg. 
C.), and applied to any other values of 
p and v, up to pressures where the error 


may be computed at 


given 


gas 


in assuming the gas to foliow Equation 


(5) becomes too great. 


1,728 


K i pl — 
0 O056 


14.6 45x 10° (6 


Substituting in 


ZX6OX 16 
32 Ib. per lb. of Hy 7 


For 0.06 lb. of H 
W 1 .92 lb. 
Total weight = 0.06 + 1.92 
1.98 Ib. per kw.hr S 


The weight of a cylinder to hold this 


gas would be between 1!3 to 2 times 
Equation (7). de- 
pending upon the shape of the cylinder 
Table I is cylinders 


weighing 14% times as much as equiva- 


the weight given by 


ends. based upon 


lent spheres. 


Liguip HYDROGEN, The idea of using 


liquid hydrogen as a fuel is not new. but 


storage of such material at atmospheric 


pressure on board aircraft presents the 


opportunity for interesting speculation. 


We may assume the hydrogen to be car- 
ried in containers similar in design to 


present Gi soline tanks. covered with 
thermal insulation. of double wall con- 
struction with the space between the 


walls evacuated. The thermal insulation 
must be adequate to prevent vaporization 
of the liquid at a rate greater than can 
be utilized, or the excess will be wasted. 

The heating value of hydrogen is about 
three times that of gasoline, by weight. 
but the specific gravity of liquid hydro- 
gen is only one-tenth that of gasoline. 
\ccordingly, the 
must have over three times the capacity 


hydrogen container 


of a gasoline tank holding an equivalent 
amount of energy. Assuming as a rough 


approximation, that insulation doubles 
the weight. the hydrogen container 


would weigh six times as much as an 
equivalent gasoline tank, or 0.12 Ib. 
per kw. hr. 

EXPLOSIVE 


Tests have in- 


dicated that the weight per energy con- 


CARTRIDGE, 


tent of a typical explosive powder is 
2.78 lb. kw.hr. Data on available 
cartridges show that the weight of fuel 
approximately half the 
weight of the total cartridge. The table 
gives the container weight as equal to 
the fuel 
powder is heavier than other combustion 


per 


( powder ) is 


weight. Incidentally. explosive 
sources partly because oxygen for com- 
bustion is included in fuel weight. 


Electrochemical Sources 


DrY CELL BATTERY (NON-REVERSIBLE ). 
According to data obtained from tests 
at the National Bureau of Standards, dry 
cells have a unit weight varying between 
1S and 65 Ib. per kw.hr. depending upon 


size of cell and other factors. 


STORAGE BATTERY (REVERSIBLE). An 


investigation of aircraft storage batteries 
conducted by C. B. Mirick at the Naval 


Research laboratory has indicated that 





Table I—Weight-Energy Conversion Factors 





Ty pe 


Gasoline 
H> gas 
H, gas 
H, liquid 
Cartridge 
Dry battery 


sphere 
cylinder 


Storage battery (10 hr 
Storage battery (3 min 


oe 


‘Compressed air 
‘compressed air 
fompressed air 
‘compressed air 
Flywheel 
Rubber 
Steel, tension or compression... . 
Steel, spring 


100 Ib. per sq in 

500 Ib. per sq.in 
1,000 Ib. per sq.in 
5.000 Ib. per sq in 
not including hub and web 


* Container weights based upon spheres, cylinders are 1! 


Weight Container weight Total weight 
Ib. per kw.hr Ib. per kw-hr. Ib. per kw.hr. 
0.18 0.02 0.20 
0.06 1.92 1.98 
0.06 2.97 3.03 
0.06 0.12 0.18 
2. ae 2.40 5.56 
15-65 15-605 
108 108 
180 180 
28 600" 88 
204 120* 624 
28 Pa Es 101 
95 200% 293 
302 302 
1.290 1,290 
7 7,500 


2500 14 
14 


| 
13.000 3,000 


; to 2 times as heavy 








the weight per kw. hr. output \aries 
between 108 lb. (10 hr. rate) a 18 
lb. (3 min. rate). The latter figu; does 
not take into account the recu ati 


Ve 


action of the battery. 


Vechanical Sources, Reversible 


Assuming isothermal 
total amount of 


pertect 


expans! the 
energy in com 


gas is represented by: 


OSs¢ 


E 144 log : ft q 


? 


0.434 pil 


where v is in cu. ft 


At atmospheric pressure and a tempera 
ture of O deg. C. 1 lb. of air o upies 
12.4 cu. ft. (ve). 
Then. 
14.6 
i 12.4 lI 
p 
Substituting (10) in (9) 
EB 144 « 0.434 p 14.6 XX 12.4 
) 
12.4 
og f b. per lb 1] 
log IgG x 12.4 't ID: Per! 1] 
p 
144 14.6 X 0.434 & 12.4 (log 
log 14.6) ft. lb. per Ib 12 
W 235 


lb. per kw. hr. (13 


pg log pm — 1.164 


It should be noted that the energy 0 
compressed gas must be released slowly 
reduction of temperature 
extent that the 
This necessity tends to defeat the ad 
vantage of a reversible-energy source a 
\lso, the use of 
compressed-air energy reservoir in a hy 
draulic the 
if petroleum 0 


to avoid 


such an freezes 


gas 


discussed previously. 


system presents danger 
explosion, particularly 
is employed as the hydraulic medium. I 
the table. Equation (13) is evalu ited for 
several values of p, for compressed all 


The weight of a spherical containe 


for air may be derived by substituting 
values in Equation (6) and using thr 
result in Equation (4): 
; 1,728 
K, = pv = 146 —— 
0 OS07 
3.12 X 10 14 
; 3 XK 0.284 X 3.12 
i" . 
2x ox IP 
2.2 lb. per lb. of air 15 


As stated above. a cylindri | co 


tainer would be between 1 1 and ° 
times as heavy as the ideal herica 
container. Inasmuch as a_ cylinder ° 
some other form is usually mor: adap! 
able to stowage in an airplane. particl 
larly if the size is large. this  ‘lerenc 


is important. 


FLYWHEEL. The energy in th mm 
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» thin rimmed flywheel may be derived B ll B e 1° I f ; 
a -aring Size Shatts 
gs follows: > 
: fhe force F on the rim. normal to a \. © RASMUSSEN 
diameter. Chief Engineer, Inslev Manufacturing Co. 
F Wid 16 
2arry THE DATA PRESENTED in the = ac- S section mod lus in 1 1 ‘ 
e companying table were calculated from ! moment of inertia in Sim 2 
} Wil 
S 17 : . , . . j Nsl S \ r 
a 2a rga ; m = shaft diam. in mm Metric dimensions can quickl b 
eee = converted to approximate sixteenths of 
9 d = shaft diam. in in : . : ‘ 
Now i 2 7 rau Is an inch by multiplying the dimension 
=< 3937 (ce Ts] factor 17 
m 0 03937 (conversion factor 1 mm expressed in millimeters by the factor 
her ore, 7 s . » “oe ° ~ ~~ -—e 
a I (" = circumference of shaft in in. = 7 fm 0.63. thus 25 mm. 0.63 15.75 six 
) 2rrau i ; 
_ > x raa 19 A cross-sectional area in sq. in Cfm 4 teenths of an inch. 
‘s or | 20 Properties of Ball Bearing Bore Size Shafts 
u 
ies 
= W ] Was i! >» D » C A ~ . \l 
Then E 2] SAST( IAMETER ‘IRCUM- REA ECTION OMENT OF 
29 Zug Ju BEAR ails FERENCI So. IN. Mop INERTIA 
, No. MM. IN. IN. IN IN.! 
1 " 2 9 12 0 284 2 .655 10 
k 6x 10 Krtra Small Bearings 
31 1 0.15748 0.491474 0. 019478 0. 000383143 0. 000030192 
302 lb. per kw. hr. 22 35 5 0.19685 0.61845 0.030435 0. 00071889 0. 0000737 L1 
36 6 0. 23622 0.74211 0.043826 0.00129141 0. 0001528 
— ne whed __ 4 a 0.27559 0. 86580 0.059653 0. 0020550 0. 00028317 
lo s gv +3 s me aaaded. oO Cc Sc. ' ‘ ona ‘ , am 4 - 
oe eee ; 38 8 0.31496 0.98919 0.077913 0. 0030675 0. 00018307 
the weight of the hub, web. and other 29 9 0 35133 1 1132 0 098608 0. 0043675 0). 00077377 
17 parts. as well as a correction for finite 
' rim thickness. Regular Size Bearings __ n fe . 
00 10 0.3937 1.2308 0.12174 0. 0059911 0.00L17914 
11 0.43307 1.3605 0.14730 0. OOT9T41 0. 0017267 
Rusper. A pound of rubber, of 1 sq. 01 12 0.47244 1 4842 0. 17530 0 010353 0. 0024155 
I in. uniform cross-section and about 2.32 13 0 o118l 1.6079 0.20574 0.013162 00033083 
; | 0.55118 |. 7316 0.23861 0 O1L6410 0. 0015307 
ft. long av be stretched safely accord- 
a ae a os 02 15 0 59055 1. $553 () 2739] 0 020220 0). 0059705 
13 ing to an investigation conducted by the 
Goodyear Zeppelin Company about 11.6 16 0.62992 1. 9790 0.31165 0. 0245.40 0.0077291 
ft. with an average modulus of elasticity 05 . 0.66929 2. 102% 0.35183 0.029135 00098503 
0 ‘71M bitaal = neve 8 0. 70866 2.2263 0.39413 0.0349-40 0.012380 
of 4 . per original sq. in. e energ eect ie eels rae 
. oe oe ap : 19 0). 71803 2 3500 0 43947 0 0411092 0.015369 
Wi in the stretched rubber will be 1 2») 0.7874 9 4737 0 18696 0 01417929 0 O18870 
t -- — mse — -~- = 
21 0.82077 2.9974 0.53087 0.055481 0.022937 
ze 2 
ad E 11.6 < 71 2,060 ft. Ib. per lb. (23 pa a 0. 86614 2.40858 0.58921 0.063793 0.027627 
9 yA} 0.90551 2 8118 0 61101 0. 072895 0. 033001 
Ht caine 24 0.91488 2 9685 0.70121 0.08282 0.039128 
i ©,009,000 1.290 II _ (9 05 95 0.98425 3 0921] 0.76087 0 093612 0 016069 
——— 2 ). per kw. hr D4 o 2 Ol2o o yA 60064 oOlZ 1606 
hy E =,060 06 30 1.1811 3.7106 1.0956 0.16176 0.095528 
OF 35 1.37795 1.3290 1.4914 0.25087 0. 17698 
0 STEEI stee » square _ . és eae 
EL. If a pound of oe Il. one square 08 10 1.57180 19474 1.9178 0.38313 0 30192 
ry 1 > . ») : 
J inch in section and 0.293 ft. long is 09 5 1 77165 5.5058 2.4652 0.51593 0.18360 
10 stressed in tension or compression to 10 30) 1 96850 6.1843 3.0435 0. 71889 0.73711 
all 6x 10° lb. per sq. in.. the energy stored 1 a 2. 16535 6.8027 3.0826 0.99676 1 Ov92 
at reg | 12 60 | 2.3622 7.4211 1.3826 129041 15281 
( ( TY ve — ™ ane - ‘ 6 - 
; 3 65 2.55905 8.0395 5.1434 1.64153 2.1052 
ting 
th E <x length 36 X 108 «K 0.293 14 70 2.4559 8.6580 5.9653 2 2.8317 
de OE Fi x 99 & 10% 15 75 2.95275 9 2764 6.8178 2 3.7316 
; 16 80 3.1496 9 $919 7.7913 3 1.8307 
2 r. 25 - e 9» *« ~ “19 ° ty ¢ wi! e 
18.2 ft. lb. per lb. <0 ri 85 3.34645 10.513 8.799% 3.6793 6. 15604 
W 2,655,000 8 9) 3.5433 L2.132 9 8608 1.3675 7.7377 
75 wt "; : 2. Sone ide ’ +. 90¢3 SL 
P 7 147,500 Ib. per kw. hr. (26 19 95 3.74015 11.750 10.987 5.1365 9 6057 
14 . x . " 
ta 2) 100 3.937 12.368 12.17 5.9911 11.794 
I the s el Is stressed In bending, as In pA 105 1. 13385 12. 987 13 499 6 9355 11 336 
spring. stress limitation permits the 22 110 1.3307 13.605 14.730 7.974 17.267 
r storage f only one-third the energy Soi 
| possible ander uniform stress. The ratio Ertra Large Bearings 
W/E sag a 24 120 1.7241 14.842 17.530 10.353 24.455 
‘then is 443,000 Ib. per kw. hour. 2% 130 5.1181 16.079 2). 571 13.162 33.683 
ct 28 L110 >, ohae yee 23.861 16.410 15.307 
) “© ° . P ‘ i e = ° -» 97 1 » »”» - —(\- 
id = Hi | iffculties invelved in the stor- 30 150 9. 9090 plea toting pas 391 -") =") 09 ‘Oo 
rit we al ee iene : a2 160 6.2992 19.790 31.165 24.510 (. 29] 
ee. ae of thermal energy 31 170 | 6.6929 1.027 35.183 29435 98.503 
i lake | form of energy of little value 
lap! N aire except for the negative ap- 30 180 7.0866 22 .. 200 39 4143 34.910 123.80 
rn : . ° ‘ . 20 ( a ane? 99 «£ » ¢ rf Q» ~*» ( 
ti plicatic f ice or solid CO. for food 38 190 ‘ 1803 Za 00 13.947 11.092 153 69 
ent presery In thi oan tl 10 200 7.87 24.737 18.696 17.929 188.70 
2 Eee 12 210 8.2677 25.974 53.687 55.48 229.37 
dtent t of fusion of the material. 1 29() 8 6614 27 21] 58.921] 63.793 276 27 
ather n its low temperature, fur- 16 230 9.0551 28.448 61.401 72.895 330.04 
m nishe : 
ishes -t of the effect desired. 
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FLAME 


HARDENING 


Applied to Large korged 
Steel Lathe Spools 


™ URFACE HARDENING of | large 

S forged) steel cylindrical parts by 

means of the oxy-acetylene flame 
process Was recently accomplished by 
engineers of the Westinghouse Electric 
& Manufacturing Company. The pieces 
hardened were lathe driving head spools 
and revolving rest) bearings. parts of 
heavy duty horizontal boring lathes built 
by the Niles Tool Works. a subsidiary of 
General Machine Corporation. 

Made in two pieces with a bolted girth 
joint. as shown in Fig. 1. the driving 
head spools were centered and aligned 
by a male and female joint. Nuts for 
the bolts were inserted and tightened 
through pockets or recesses machined in 
the bore of the spools. For positioning 
a split spider the assembled spool was 
turned down at about mid length to a 
diameter one inch smaller than the jour- 
nal bearing. The gear for driving the 
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Fig. I {ssembly details, bolting arrangement and dimension 
drive spools for large horizontal boring lathes 
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head as keyed to the spider. Fig. 2 
shows the parts assembled. 
Principal dimensions of the assembled 


drive -pools are shown in Fig. 1. Spool 


perts are S.A.E. 1040 coarse-grained 
forgines. The cast ingots from) which 


the sections were forged weighed approx- 
imately 52.000 Ib. The 
made by the Carnegie-Ilinois Steel Cor- 
poration at their Homestead plant. After 
machining — the 


forgings were 


forgin and pleces 
weighed 22.000 Ib. each approximately. 
The finish 
fnish grinding operations were done by 
Westinghouse Electric & Manufacturing 
Company in their East Pittsburgh shops. 
Oxyacetylene flame 
for hardening the 


machining, hardening and 


hardening as a 
method surfaces of 
the spools could be used with least in- 


vestment in plant and process equip- 
selected. The 
ontract specifications called for pieces 


with bearing surfaces from 350 to 500 


ment and was according] 


Brinell. with no cheeks and no chatter 
marks. 

To revolve the work while hardening. 
the spools were mounted on oa spider 
mandrel and placed in a_ large-swing 
lathe which had low-speed back gears. 
To obtain speed control the lathe was 
lriven with a variable speed d.c. motor 


equipped with a rheostat. 


1939 


Oxygen bottles were piped up = and 


connected to a header in two ten-bottle 
sections. as shown in Fig. 5. in a way 
such that a ten or a twenty bottle supply 
needed. Heavy-duty 


could be used as 


regulators of the two-stage type each 
with a 3.000 cu.ft. per hr. capacity were 
connected to each section. Oxygen was 
proportioned at a control panel for each 
torch. a pressure regulator was also in- 
stalled in each torch line. Acetylene cyl- 


fers were arranged in banks six to a 


ine 
torch. Each bank of cylinders had water 
flash-back arresters for safety. and each 
cylinder had a mechanical arrester in a 
coil. Heavy-duty regulators were placed 
between each bank of acetylene cylin- 
ders and the valves on the control panel 
for each torch. In order to obtain quick 
and easy positioning of the torches when 
in operation they were mounted on ad- 
justable bar supports. 

To secure data that could be used to 
cetermine correct procedure in regards 
work speed that 
would produce the best surface. experi- 


to gas pressures and 
ments were conducted using a special 
cvlinder made from the same material 
that was used to make the spools. Speeds 


of 6. 7. 8 and 9 in. per min. were tried. 
It was found that the surface produced 


at the slow rate of 6 in. per min. was too 


























hard. and that the fast rate of 9 in. per 
min. produced a surface that was too 
soft. The degree of hardness and qual 
ity of surface produced by the 7-in. rate 
approached more nearly the properties 
desired. and was consequently chosen as 
the proper rate to use for the hardening 


With the trial 


was found that by 


operations. evlinder it 
regulating the pres 
sure of the water quench Brinells of 400 
to 450 could be obtained. with the zon 


I x In. below 


of hardness extending about 
the surface. 

When flame hardening the spools. the 
lathe was geared up and the motor rheo 
stat adjusted so that the spool surface 
passed the torches at a rate of 7 in. per 
min. The torches were held so that the 
tip of the blue cone of a neutral flame 
was |!, in. away 
10. in. 


and normal to the spool surface. 


from the work about 
above the line of lathe centers 

Flame temperature was approximately 
6.300 deg. F. The temperature of the 
1.500 
The heated zone on the 


work under the flame was from 
to 1.550 deg. F. 
surface passed under the flame and was 
quenched with a water spray. 

The surface produced was uniforml 
cracks or checks. 
Brinell 


various surface areas are 


hard. free from pits. 


oxide or. corrosion, hardnesses 


produced al 





BRINELL HARDNESS OF 
A REPRESENTATIVE 
FLAME-HARDENED SPOOL 
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me hardened 44,000-1b. lathe spool with drive gear keyed to Fig. 3 
clamped over assembled spool 


Uniformity of hardness obtained on = surface 
of driving 


spools is shown by Brinell numbers 
















































indicated in Fig. 3. Tests indicated that 
tempering was not required, since no ex- 
cessive stresses were found. 

In the design of these heavy duty bor- 
ing lathes there are some _ interesting 
features other than the fabrication of 
the forged spools and sleeves. Since 
these new lathes were designed for finish 
boring as well as for rough boring. the 
running clearance in the bearing had to 
be small, this dimension was not allowed 
to exceed 0.008 in. In order to accom- 
modate the work, for which the lathes 
were designed, narrow driving head 
spools and hence narrow bearings were 
necessary. the ratio of bearing length to 
diameter being about two to five. To se- 
cure long bearing life and good align- 
ment the hardened steel spools were 
supported in removable bronze bearings. 

Continuous lubrication is supplied to 
the driving spool by means of motor 
driven high and low pressure pumps. 
Lubricating oil, S.A.E. 30, is) pumped 
into the bearing at the low point through 
the opening shown in Fig. 4. To make 
sure that the entire surface of the jour- 
nal is lubricated, oil is also fed in by 


gravity at points around the bearing. 














































































































Fig. 4 


for distributing oil over face of spool flange 


View inside of bearing showing holes through which oil is forced and grooves 


Fig. 5 Arrangement of grouping and piping oxygen bottles and acetylene cylinders for 


flame hardening operation. Piece to be hardened is shown in the lathe 
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COLORING OF METALS—IV 


By Chemical or klectrochemical Methods 


DR. C. B. F. YOUNG 


President, Institute of Electrochemistry and Metallurgy, and Consultant 


ECENTLY a new process for color- 
ing metals, known as “Electro- 
color.” was developed for commer- 
ial use by the United Chromium, Ine. 

See Product Engineering, August, 1937, 
317-320). All the colors that are attain- 
ible by this process, and the range in- 
ludes almost every color of the spec- 
trum, are produced in a plating bath, 
the composition of which is not changed 
rvaried in any manner in order to effect 
iy change in color, the hue produced 
ving primarily a function of the length 
{time that the article remains in the 
plating bath. The bath is preferably a 
water solution containing complex copper 
ons, in which the article to be finished 
is immersed and serves as the cathode. 
Pure metallic copper is used as the anode 
and the plating deposit is cuprous oxide. 
The bath is operated at low voltage, the 
isual desirable constant voltage being 
approximately 0.4 volts, with a current 
density of approximately 0.5 amp. per 
sq. ft. which is also surprisingly low. The 
cost of the bath amounts to about 65 
cents per gallon. The bath is stable and 
an be operated continuously. 

The color obtained with the “Electro- 
color” process is the result of the reflec- 
tion and refraction of light 
through the semi-transparent, electro-de- 
posited coating. As the thickness of the 
gating increases the color changes suc- 


passing 


essively from violet to blue, green, yellow 
and red in cycles. This cycle of color 
changes is repeated as the plating builds 
1p, but in each succeeding cycle the 
colors become darker. Finally, if the 
plating is continued long enough, the so- 
alled “pigmentary-colors” are produced 
ind thes: are of a deeper and darker 
shade. ‘J 
range fro 


length of plating time may 
1 one to 30 min. or more. The 
rate of change of color during plating is 
relatively ~low so that it is easy to repro- 
luce the 
surface merely by timing the plating 
/peration . 


me color on the same kind of 


Anothe: factor that determines the final 
shade. co 
ter of the 


and brilliance is the charac- 
rface before plating. A highly 


polished -irface gives a mirror-like fin- 
sh; a se atch brushed surface gives a 
oft ego cell finish. Further, different 
(lors ca; be obtained by preliminary 


plated de; .sits of other metals such as 


Ire cop or nickel. In every instance 
© refler brilliance of the final finish 
Septem | 1939 





HELD AT 


GOLUMBUS, OHIO 


1937 


PRESENTED BY | 











Stainless steel plaque, 8 in. wide by 9 in. high, in which the design is first printed on the 
plate and then immersed in a ferric chloride hydro-chloric acid bath to etch the back- 
ground, After which the background is electroplated using black nickel. Next the relief 
is removed and the high lights buffed with a soft wheel 


corresponds to the polish of the base sur- 
face before plating. 

The preparation of the articles to be 
plated involves the usual steps common 
to other electrolytic plating processes for 
the cleaning and preparation of the orig- 
inal base surface. 

\ piece removed from the plating bath 
may again be inserted and the plating 
operation continued without interruption 
and with no harmful effect. A piece left 
in the bath beyond its scheduled time 
may easily be stripped and again colored. 
The bath operation cycles in any given 
color, say a green. are recurrently ob- 
tained at different time intervals, there 
being a slight difference in the color at 
each cycle. A full range of colors may 


be obtained in the first evele as well as 
in later cycles. although. as already 
stated, there will be a slight difference 
of shades. 

The great range of possibilities that 
are available may be indicated by point 
ing out that not only can the choice of 
color be varied to an almost unlimited 
degree by the actual plating operation, 
but it may also be further controlled and 
regulated by the choice of preliminary 
deposits of other metals such as copper 
or nickel. Furthermore, it may be varied 
by a proper choice of polishing opera 
tions on the base; an article may be 
either highly polished or produced with 
a dull finish, and the final appearance of 
the article varied from the brilliance of 
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high metallic luster to the softness of a 
subdued pastel shade. 

Any shade and color once produced 
can be duplicated and matched merely by 
specifying the base metal. its surface fin- 
ish. preliminary platings. and the length 
of time in the plating bath. It is solely a 
and the 
length of time in the plating bath. The 


question of the initial surface 
accuracy with which this must be meas- 
ured is well within the range of careful 
commercial production. 

Control of the 
plating bath. of the temperature and of 


composition of — the 


the operating voltage or the current 


density is required. In) common with 
other types of plating equipment. provi- 
sions for taking care of these essentials 
can readily be made. 

From the technical operating stand- 
point, one of the most noteworthy char- 
bath 


power, which makes it possible to colo 


acteristics of the is its throwing 


recessed articles without any auxiliary 
and without any variation in the 
color. It 


almost all of the usual base metals. 


anodes. 
is possible to treat 
Some 


shade ot 


of these. such as aluminum, may require 
preliminary coatings of other metals. but 
in general the process leaves the user free 
to choose whatever base metal will best 
satisfy his needs from the standpoint of 
economy, ease of finishing and strength. 
The 
closely approximates that of the spectrum. 
effects that 
can be produced by special treatment of 


range of colors is very wide and 


Variations and additional 
the articles to be colored are almost un- 
limited. For example. two-tone effects can 
he produced by the simple expedient f 
stopping off part of the area to be col- 
ored for a portion of the time. It is also 
possible to obtain combinations of chro- 
mium plating and color by simply step- 
ping off certain portions of the article 
prior to chromium plating and then col- 
oring those portions directly, leaving the 
chromium plated area unaffected. This 
can easily be done by making the chro- 
mium deposit passive, so that no colo 
is deposited. 

Another 
nature has been mentioned before but it 


method which is general in 


will he discussed again because of its 
molybdate 
baths fon 


containing 


wide application. Ammonium 


solutions are good coloring 


many metals. These solutions 


20-80 grams per liter of the salt. can be 


» 


used with currents of 2-10 amp. per sq. 


ft. The subject to be colored is made the 


cathode. which can be iron. steel. alumi- 
nic kel. 


shades obtained 


num. cadmium, Zine O71 


The 


infinite in number. 


many 
others. are almost 
Phe solution containing cupric sulfate. 


tartar. and sodium 


ean he used 


cream of 
with a current and almost 
Phe author 


has been working on this type of bath fon 


any color may be obtained. 


some time and hopes to publish these re- 


sults soon. 


The lead acetate solution can also be 





carbonate 


used for general coloring. although the 
lighter colors are produced easier when 
either used as the 


this is 


copper or brass is 
easily 
may be first 
plated with either brass or copper and 
the results introduced into the bath. By 
varying the pH of this solution. some 
attractive 


base material. However. 


overcome as any material 


yellows. browns. blues. and 
purples can be obtained. 
Another method of 


coloring metals consists of first deposit- 


rather ingenious 
ing silver over the base material and then 
dropping a solution of potassium sulfide 
in various places over the plate. Where 
the sulfide with the 
silver a brown or vellow streak of silver 
sulfide is formed. The object is then dried 


comes in contact 


and lacquered. The silver can also be 
buffed before the sulfide is applied. Some 


f +} 


ereot 
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Name plates made from an aluminum base metal. 
the plate is immersed in an etching solution. 


marble objects can 
this 


attractive imitation 


be made from ordinary steel in 


manner. 
different) formulas. 
given in this series of articles. 


In trying out the 


it must be 
kept in mind that they are general and 


| 


treated as such. I 


must be results are 


not as indicated. the concentrations of 
the interacting salts. temperature. time 
of immersion. and other factors should be 
varied so as to produce the colors wanted. 
Many times the base metal used will have 
a direct bearing on the color received. 
All of these variables must be taken inte 
account when certain definite colors are 
once the 


color is obtained. the results can be dupli- 


being sought. However. after 
cated provided all conditions remain con- 


stant throughout the experiment. 


t . Datont 
t dtent 
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At this point it might be 


well a 


cuss more at length the coloring . 


in 
less steel. This material is des be 
many designers because of its ( 

rosive character. However. there ar ‘imes 
when colors are almost demanded far. 
the demand has not been fulfille yer, 
well. True. several investigator- hay, 
claimed to have solved the probl but 


judging from the commercial ada) (ation 


of these. the results have not bee rth- 
coming, 

One method which has been in se fo; 
some time is to vary the buffing and in so 
doing surfaces can be produced whic! 


are mirror finishes to gravish satin sur. 


faces. Another method consists of cutting 
down the surface by using sand }last 0 
its equivalent. This produces a character- 


istic finish which can be made in attrae- 


THIS EQUIPMENT 
1S THE PROPERTY OF THE 


R-G MILK PRODUCTS, |x 


788 ST. , 
= ST. ANN’'S AVE 
a TO BE USED FOR R-G MILK PRODUCT 
AND 


EBLING'S ICE CREAM ONLY 


{fter printing the letters on the plate. 
The plate is then removed and washed, and 


tive designs by using stencils to ite 


certain areas. If steel shot is substitute 


for the sand, still other types of shes 


are produced. Another method which 


similar to the above consists of pi ting 
certain areas with an asphalt resist and 
then immersing the alloy in a cliemica 


attack the expos 
Another type oft contrast pI! 


solution which will 
surtaces. 
duced by rolling in certain desig 
material has been used as a pre S 
product by several designers. 

In regard to the production 


it would be best to produce 


which is colored throughout. He veve! 
this is impossible at the present 
far as the author knows. The 1 yes! 


procedure would be to color the 
of the alloy. Some work has bee d 
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escTLHye 
By this 
stainless 
coppel 


} 
} 


plated 


l clear 





ite. 


ind 


a dye 





n this field but nothing too exciting has 
en produced. A method has been devel- 


ped vhich consists of immersing the 


alloy in a solution containing sulfuric 
and chromic acids. This forms a surface 


mordant which can then be dipped into 
solution, thereby forming a col- 
red lake. This is fully described in U. S. 
Patent 1.893.821. issued to Colin G. Fink. 

Another interesting method which has 
heen patented consists of depositing a 
aver of copper on the stainless steel and 
then heat-treating the 
By tl 
btained. The copper plated objects can 
plated with “Electrocolor” as 


copper coating. 


method beautiful colors can be 


then be 
lescribed in the first part of this article. 
By this method it is possible to color 
stainless steel a variety of hues. Also the 
plate can be plated over 


coppel with 


SOLD BY 


straw. yellowish-brown, red-brown. deep 
purple. violet. blue and green. A 
perature of 600 deg. F. 
gold color. However. the exact shade also 


tem- 
produces an old 


depends upon other variables such as 
rate of heating and composition of the 
atmosphere surrounding the object. For 
example. it is known that if 18-8 alloys 
are heated to 1.560 deg. F. for various 
periods in a controlled reducing atmos- 
phere of known humidity containing a 
small percentage of oxidizing gases, color 
films are produced on the alloy surfaces 
which range through the visible spectrum. 

There are two methods which are being 
vroomed for commercial release in the 
future. One is the Coloron process of the 
Allegheny-Ludlum Steel Corp. The au- 
thor has no definite information of this 
However, Lippert 


process. (Iron 1ge, 


UBBARD & FLOYD. inc. 


CONSTRUCTION EQUIPMENT 
I67th Street G& Sedgwick Ave. 


NEW YORK, N.Y. 
Phone JErome 7-8960 


plated with new black nickel bath. 
‘clear lacquer is applied with a spray gun 
Tass, onze and other colored deposits 
ind these ean be treated as described in 
rticles of this series. However. 
result 
Tan ide film which is not very cor- 

sistant and 


these shades are undoubtedly the 


must therefore be 


rotect by a lacquer film. If this is 
rue. ould be better to use a colored 
quer in the first place and omit the 


pplying the copper plate. 


ild be expected colors can be 
Dtaly by heat treating stainless steel. 
\.L. Fld has patented a method (U. S. 
Pater 77.270) of cleaning and color- 
ng um steels and chromium nickel 
steels fter pickling the allovs are 
fated itil the desired color is pro- 
tuced e colors obtained progressively. 

med, are: light straw. dark 
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{fter the 





relief is removed with an organic solvent 


\pril 6, 1939. pp. 39-44) states that two 
basic These 
are a blue black and a gold bronze. These 
mav he varied to produce other colors. 


colors are very. attractive. 


The coloring of stainless steel is com 
mercially feasible and soon a method un 
doubtedly will be placed on the market 
for obtaining many hues. However. before 
this can be accomplished. research must 
show the way. It is a well known fact 


kind of film 


stainless alloys which gives the material 


that some s formed. on 


resistance to corrosion. If this film) be 
made thicker and then impregnated with 
a dye. any color of the rainbow can be 
obtained. Some work has been cone in 
this field which does not promise success 
too soon in this particular research. The 


oil soluble dyes seem to offer more prom- 


387 


ise than the other types. This type of 


coloring material does not, however. 
give the live colors which are 
by the other kinds of dyes. 


Concerning the heat treating and con- 


produced 


trolled atmosphere method. it should be 
possible to produce a variety of colors by 
the proper selection of conditions. It will 
be recalled that all the constituents of 
steel. nickel and 
mium, produce colored salts. 


stainless iron, chro- 
Iron gives 
from 
green and_ black. 
Nickel gives such colors as green, yel- 
low. violet. red, and black. 


just as varied with its colored compounds 


a variety of colors which = vary 


orange and red to 
Chromium is 


as red, green, blue, and black are quite 
easily produced. 

When the metals mentioned are mixed 
that all of 
their color production properties are de- 


it would be unsound to say 


many of the 
compounds cannot be 


stroyed. True. individual 
obtained in the 
manne! used heretofore because of the 
presence and therefore the interference 
of other metals and 


However. by a 


their compounds. 


well organized and di 
rected research it should be quite pos- 
sible to ferret out the correct procedures 
necessary many 


to produce interesting 


colored hues on stainless steel. 


New Brack FINisu. 
ing of the 


At the recent meet- 
American Electroplating So 
ciety held in June. 1939. a new solution 
black was 
revealed by the research department of 
EK. I. du Pont. The bath contains the fol 
lowing compounds: 


for producing an attractive 


Nickel Sulphate. NiSO,7H.O (3-4 oz. 
per gal.) 
Boric acid, H,BO, (2 oz. per gal.) 


(NH,) 


moly bdate 
per gal.) 


pH (4.3-5) 


Ammonium 


(4 > @OSe 


MoO, 


This bath should be 
deg. F. ) amp. per sq. After clean 
ing. the objects which are to be colored 
black are made the cathode in the solu 


used at 160-170 
with 2 


tion. The coating produced is deposited 
at a very fast rate at first but gradually 
slows down as the time increases. In 10 
minutes 0.001 in. can be deposited at the 
current densities given. The coating takes 
well on either zine or aluminum. Thus. 
for plating steel. or other metals. it is 
best to deposit a thin layer of zine first 
and then follow with the black deposit. 
Phe deposit produced is a very attractive 
jet black which can be 


tive work. Because of the speed at which 


used for decora 


the coating is obtained the deposit should 
find many interesting applications. It was 
noted by the however. that the 
brittle and 
therefore will not stand very much bend 
affect the value of the 
deposit when it is plac ed on objects which 
are thick or which are able to 
bending of any kind 


author 
coatings are more or. less 


ing. This will not 


resist 














Molding in rubber. Here are shown the two halves of the plaster supporting shell 
and the split rubber mold. The figure to the right was cast in the rubber mold 


UBBER MOLDS 


kor Casting of Metals and Plastics 


ANUFACTURE of  low-tempera- 
ture molded parts has been, with 
few exceptions. along well stand- 
ardized lines using recognized foundry or 
machine shop practices, and has followed 
substantially the same procedures for 
many years. The greater proportion of 
molds, made of steel or brass. were ex- 


pensive. their cost increasing with the 


When 


fusible aluminum or lead molds came 


amount of engraving required. 


into use cost was somewhat reduced. but 
a master cast was necessary and_ the 
price of the master cast was often pro- 
hibitive for small lot production. 

The best material for molds should be 
low in cost, readily handled and of such 
Hexibility that parts designed with under- 
cuts could be cast in the mold and the 


GEORGE D. KRATZ 


Vultex Chemical Company 


mold removed. Rubber molds made 
from prevuleanized latex solutions meet 
most of these requirements. 

Where mixtures of the alum type are 
employed. the procedure is simple. The 
object to be duplicated. whether of 
bronze. marble. plaster. plastic, or other 
material, is simply sprayed with. or 
dipped successively into, the proper type 
of prevulcanized latex solution until the 
desired thickness of rubber is built up. 
It is thoroughly dried and then incased 
in a two-piece plaster shell which serves 
as a support for the rubber mold. When 
the plaster has set. the shell is opened. 
the rubber mold stripped from the model 
and the mold is replaced in the plaste1 
shell. A pouring gate is put in the plaster 
shell and the mold is ready for use. 


Usually the rigidity of the rubber mold 
itself is not sufficient to hold, without dis 
tortion, the material poured into 1 
Therefore, the shell of plaster o1 othe! 
material is put around it. Although th 
rubber can be built up toe almost an) 
desired thickness to prevent distortiol! 
when the cast is made, it is usually no! 


practical to do so. One of the chiet ad 


vantages in using rubber molds is tha! 


the mold can be stripped from the mod 


and pieces molded even though portion: 


may be greatly undercut. This operatio! 
becomes difficult if the wall of the rubbe 


® In. or sz in. is about the limi 

By using rubber molds. expens 
bronzes and other objects of mas 
be reproduced in plaster, alum =m xture> 
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and « variety of other materials which 
when painted or gilded can be sold at 
a fraction of the cost of the original. 
With certain modifications. the same is 
true of phenolic and resinous plastics 
which can be cast and of certain metals 
and alloys. 

None of the alum type mixtures have 
any pronounced chemical action on the 
rubber. Heat is not required and the 
molds can be used almost indefinitely. 
Mold life is usually dependent upon the 
handling care. 

With plastics, however. there may be a 
two-way chemical reaction between the 
rubber and the plastic material. This may 
hasten the deterioration of the rubber 
mold and conversely. the rubber may dis- 
color or otherwise affect the plastic. The 
latter. however. is not always serious as 
it is usually a surface effect which can 
be removed by buffing. What is far more 
important in so far as the life of the 
mold is concerned, is that most plastics. 
even where accelerators assist as cata- 
lysts. require a baking process of from a 
few hours to possibly several days. Un- 
less the rubber employed is carefully 
compounded for this specific purpose. the 
life of the mold will be short and will 
vary inversely with the time and temper- 
ature required to cure the plastic. 


Procedure With Plastics 


The mold is made in the previously 
described manner. The plastic. usually of 


| 


the phenol-formaldehyde type. is poured 


ata temperature of approximately 90 
deg. C. and the whole placed in a curing 
oven at about the same temperature. 
The time of curing. ordinarily at least 
24 hours up to three or four days is car- 
ried on over a range of decreasing tem- 
peratures until the condensation is com- 
plete. Sometimes the procedure is re- 
versed. pour being made at room tem- 
creased while the cure is being effected. 


It is t] 
Is t] 


perature and temperature gradually in- 


en placed in the curing oven for 
1 period of from 24 hours to five or six 
davs, according to the type of resin. In 
either method, the rubber is in contact 
with the hot plastic for approximately 
the same length of time. 

Many resins. after being poured will 
irst liquify in the oven. then go through 


4 gelatinous stage and finally harden. 


When t 
‘S sometimes possible to remove the cast 


‘rom the rubber mold, although this is 
hot ad 


ie gelatinous stage is reached, it 


sable if the cast has undercuts or 
other itures which tend to strain the 
relatively weak material. It is usually 
etter +o allow the condensation to be 
tomple'od before attempting to remove 
the rubber mold. 


The \bove procedure may be regarded 
as bei in the experimental stage at 
Present There are. of course, many dif- 
heultie. to be worked out, one of these 


Septer ber, 1939 


being the proper compounding of rub- 
ber to increase the life of the mold. At 
present. four to five castings from the 
same mold are not unusual: much higher 
figures have been reported. As yet the 
casting of plastics in rubber molds needs 
a great deal of investigation to make the 
process comparable with the casting of 
the alum condensations. which are made 
without the use of heat. The possibility 
of the discoloring of the plastic by the 
rubber has already been mentioned 
Sometimes there is a tendency for bub- 
ble formation at the wall of the mold. 
If caused by the rubber this can usually 
be overcome by prope! compounding. 
The method is already practical in a 
small way and will find wider use in the 
near future. The Ralph Mancusco’s nine- 
foot plastic statues in the Federal Build- 
ing at the New York World’s Fair were 
cast in rubber molds made from prevul- 
canized latex. The statues are exceptional 
not only in size but also in method of con- 
struction and simply serve as an example 
of this type of molding. 

In another still newer field. low-melt- 
ing metal allows are being cast in rubber 
molds. Under certain conditions, even 
lead itself with a melting point of 326 
deg. C. can be cast readily without 
scorching the rubber mold or causing it 
to lose definition. The most-used metals 
for casting in rubber are the different 
alloys of bismuth. lead. tin. and cadmium 
sold under various trade names. They 
melt at 160 to 270 deg. F. Those alloys 
which can be liquified in hot water find 
particular favor. One of these has the 
desirable feature of expanding. slightly 
on cooling. which tends to compensate 
for the normal contraction in the rubber 
mold. The shrinkage of rubber molds is 
usually small. possibly less than 1x in. 
per ft.. but it is still great enough to re- 
quire compensation if precision parts are 
to be molded. 

The method of making the mold and 
casting a low-melting alloy of the above 
type is similar to that previously de- 
scribed. with the exception that the proc- 
ess is much simpler than when using 
plastic compositions. The metal is melted 
in hot water and poured into the mold. 
Some water may be transferred at the 
same time. The presence of a = small 
amount of water when making the pour 
is said to be desirable because it is be- 
lieved to form a film around the cast and 
thereby increase mold life. 

After the pour is made and has solidi- 
fied. the rubber mold is removed from 
the plaster shell and plunged into cold 
water. This not only increases the life of 
the mold itself but also, tends to impart 
a fine-grained. ductile structure to the 
casts of alloys of the Woods-metal type. 
This method is recommended if the cast 
is to be enameled or otherwise surface- 
treated. 
crystalline structure results and the cast 


With slower cooling, a coarser 
cad 
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may be brittle. Many of the small metal 
statuettes in the General Motors exhibit 
at the New York World’s Fair were cast 
in this manner. 

W here this process is used for the du 
plication of expensive pieces, most of 
which are thin, the production life of the 
mold is almost indefinite. thousands of 
casts being reported from a single in 
denture. In making small statuettes. 390 
to 400 casts. cooled normally without im 
mersion in cold water. are often obtained 
from a single vulcanized latex mold. 


Making Metal Casts 


As all rubber molds distort somewhat 
when not in use. it is advisable to leave 
the last cast in the mold when operations 
are discontinued. This applies to all 
methods described. 

When casting novelty jewelry and or 
naments. the principle of the operation 
is to work quickly and cool the metal 
rapidly so that the rubber will not be 
scorched nor the definition of the cavity 
impaired. To this end, a_highly-com 
pounded prevulcanized latex batter is 
prepared, containing the necessary vul 
canizing ingredients and a minimum of 
water. The batch is then run through 
a mixing mill several times and sheeted 
into a slab of about % in. thickness. 
During this operation, most of the water 
is eliminated. The rubber remains suf 
ficiently pliable to take an impression of 
the object to be duplicated. 

\ two-piece mold is then prepared 
from the rubber slab. and the contacting 
surfaces treated to prevent adhesion dur- 
ing the vulcanization process. The orna 
ment is then placed between the slabs 
and the whole vulcanized in a hydraulic 
press in the usual manner. Because an 
appreciable amount of water remains in 
the batch. the resulting mold may be 
somewnat porous, but experience has 
shown that the resulting impression is 
pertect. Milled rubber of the 
tread-stock type may also be used but 
longer life is claimed from rubber pre 


usually 


pared from. prevuleanized latex compo 
sitions. After vulcanizing. the mold is 
opened, the plece removed, the mold 
vented and the metal, usually lead. is 
poured in through a metal or earthen 
ware funnel. The mold is clamped and 
whirled rapidly for 10 seconds. The 
whirling throws the metal against the 
walls of the cavity. covering a large area 
quickly. Thus the metal cools rapidly 
and does not have time to scorch the 
rubber mold. 

The use of rubber molds in casting 
processes either for original objects or 
the duplication of standard pieces has 
attracted mostly the attention of small 
producers. The process requires little in- 
vestment, the materials are readily ob- 
tainable, and the process does not re- 
quire any particular skill. 
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SPOT-WELDED STRUCTURES -II 


Designed for Stainless Steel 


THE DESIGN 


ot any 


\ , 
structure the two primary considera- 


truss type 


tions are the type of member to be 


used and the joints between these mem- 


These 


that 


bers. 


lated they can 


two are 
best be 


so closely interre- 
shown. by 


illustrating some typical structures. 


The wide range of sections available is 


illustrated by Fig. 9 and Fig. 


these sections are 


bench or rolled. 


welded together in 


made on 


an automatic 


10. 
the 


All of 


draw 


The closed sections are 


roll 


welder and can be stocked at a relatively 


low cost as compared with conventional 


sections. This wide range insures use of 


the proper section in any structure, 


Some 


of the basie considerations in the selee- 


Fig. 9 


G. G. CUDHEA 


Fleetwings, Inc. 


the 
type of structure in which they are used 
illustrated, the 
uses of the truss in aircraft is 


tion of each of these sections and 


are Since one of most 


common 
in the conventional wing and control 
rib, many of these examples are based 
on types of structure that have actually 
built by 


been Fleetwings. Inc. 


Fabricated Rolled Tubes 
The 


the fabricated tube. a section which has 


last rib truss design illustrates 


numerous adaptations in aircraft struc- 
tures. It is available in a wide range of 
and diameters. since it can be 


gages 


(Continued on page 392) 














Fig. 10 


Typical draw-bench sections made of stainless steel sheets 


Typical roll-welded closed sec. 


tions available in stainless steel 











Dev. width = 0.6875 
Min. p = 0.084 
Max. p « 0.108 


0.018-0.025 available with 2 rad. 


oa 
0.020 .. 3 
Dev. width # 1.20 

Max. p = 0.216 

Min. P = 0.123 





| 





Dev. width = 0.947 
Min. p = 0.0781 
Max.p = 0.198 





Dev. width = 1.339 
Min. p = 0.148 
Max. p = 0.178 





Dev. width = 1.298 
Min. p = 0.107 
Max. p = 0.229 














Dev. width = 0.205+2H 
Y¥ = 0.457H "10 
I = 0.2075 H282 xt 


Dev. width =15 
Max. p = 0.170 
Min. p = 0.146 





Dev. width =/,839 | 
Max. p = 0.225 ' 
Min. p = 0.185 





Dev. width = 0.820 
Min. p = 0.0940 
Max. p 20.124 





‘Dev. width = 0.815 
Min. p = 0.0659 











Dev. width = 1.1/8 


Min, p = 0.095 
Max. p = 0.1800 





0.006) _ 
2.008) 


Dev. width = 1.995 
Min. p = 02105 
Max. p = 0.2870 





Dev. width = 3.25 to 3.125 


Min. p = 0.284 to A293 
Max. p = 0.443 to 0.407 














Dev. width = 1.75 
Min. p = 0.174 
Max. p = 0.3/0 
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Fig. 11 


comneo 


relative 
admira 
Outside 
same a 
Joints | 


Fig. 1. 
used. 

section 
tion fe 





Fig, | 
structu 
low 
both 

pling 

per sq 
tion I 
The c! 
from 

bead 

weldi; 
l) x 
SeCtio, 
Susser 
closu; 
mand 


Sept 

















39] 























A= Pm 
| , $-207 ,f/ectrode 
| & —_ _ } 
—___—_——- + : fC Fh J ) 
x, |x i 7 
| | iJ 
t “a — 
l H 
A«<«— send 
a 4 
\ 
\ 
S =a 
— 
Fig. |1—Open channel sections, one of the veniently at a post welder, both legs of the web members. The angles between 
commonest and cheapest types, used for the web being welded to the cap in one the web members are held constant if pos- 
relatively lightly loaded ribs as shown, and operation by the use of a small copper in- sible, so that the same insert can be used 
admirably suited to production fabrication. sert. Since the stresses are low, no attempt at all joints. A wide selection of channel 
Outside dimension of the S4 section is the is made to design the joints concentric. sizes and gages is available since the rolls 
same as the inside dimension of the S201. The distance required for convenient pro- for this type of section are comparatively 
Joints of this type can be assembled con- duction welding governs the location of inexpensive 
> 
v4 
he | 
Fabric clips 
— short wires welded 
sec: m7 place 
a v* ‘ . ~ . . . 
Fig. 12—Another type of rib commonly type. The ends of the webs are formed by provides additional welds. This type of 
7) j used. Here the cap is a modified channel a stamping die. The rolled bead on the design is relatively efficient. However, if 
t ‘ _= ° ° = ° ° ° . , . 
gk section, S5, while the web is a closed sec- S5 channel increases its crippling stress. not carefully proportioned the web mem- 
tion formed from two sections of the $22 The center flat portion of the S22 section bers are liable to fail at the ends 


_ Closure plate if necessary 
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Fig. 13 _A combination of highly efficient 
structural sections that lend themselves to 
low cost assembly. The rolled beads in 
a. an. 


both the S2 and $25 sections permit crip- 

pling stresses of 135,000 lb. to 140,000 Ib. 

per sy.in. The free flanges of the S25 sec- ; 

tion provide a channel closure attachment. = 
The closed $23 web sections can be taken 
from stock, cut to length, and the rolled 
—t bead flattened with a simple tool. The 
i weldinz assembly procedure is as follows: 
(l) weld the gusset plate to the S23 rib 
m sections; (2) assemble, join and weld the 
Susser to the S25 cap; (3) weld special 


closu; strip, if strength requirements de- 

a mand. to the flanges of the S25 sections 
- i, 
156 


10 September, 1939 



































392 
1, 
“ux x KX X 
“5-44 
--- S-110 
Fig. 14 Another type of highly loaded rib tubes required light gages, the attachments 


truss. The web members are manufac- 
tured from fabricated tubes. An S45 cap 
strip is used in combination with an S44 
section, available with any length of free 
leg. The strength of the joint formed of 
two sheets of different thickness is in- 
creased by welding a plate outside the 
thinner of the two. Since the very efficient 


became critical. By the addition of the 
outside plate to the tube the joint becomes 
capable of developing the full strength of 
the web members. The assembly proce- 
dure is similar to that used in the pre- 
ceding example. The tubes are drawn 
from stock, cut to length, and _ flattened 
slightly at the end in a special stamping 





die. The ends are slotied to fit over the 
U section. The special end plate is ‘hen 
welded on at the two lower welds «nly. 
Next, the tubes are welded to the U see. 
tion. Finally, the S45 section closur: js 
welded inside the U section. The fi-ure 
shows one web member with the sp: cial 
end plate, and one without. These are 


illustrated in their order of cost 





Fig. 15—Fabricated | stainless steel con- 
structions as used in an amphibian plane 

































































Fig. 16—Stabilizer joint, rib to spar, using a 


steel tvpe section as a beam 


formed either by rolling or on a brake. 
By virtue of the close weld spacing used 
in its fabrication it differs but little in 
strength and properties from conventional 
drawn steel tubes of the same tensile 
strength. A large number of tests of this 
type of section have been made by Fleet- 
wings. Inc. The result of a typical pin- 
ended compression test is given to il- 
lustrate its relative efficiency. The details 
of the specimen are as follows: 
es iackk i geaican-e ca ek amine 
Thickness ey .»« «+ 00020 in. 
Ultimate tensile strength 

185.000 Ib. per sq.in. 


Length Se CPO a 
Sete ee eee ere 0.70 in. 
SE ae ee .53.4 
\ 3.14 < 0.020 x 2....0:1256 sq. in. 


Load at failure..............10.500 Ib. 
Stress at failure 10,500 0.1356 

83,000 lb. per sq.in. 
I site dh lite Weak as Bh bc acsearle leachate 100 


fabricated stainless 


Fig. 17 Elevator joint, rib to torque tube, using a fabricated 


stainless steel section as a torque tube 


No published values for chrome molyb- 
denum tubes are available for com- 
parison in this range of ultimate tensile 
strength. However. reference (a) gives 
the allowable stress in a 100.000 ultimate 
tensile strength S.A.E. 4130 steel tube 
for L/p 53.4 and D/t of 50 as 59,500 Ib. 
per sq.in. No exact extrapolation of this 
value can be made. Inspection of the 
crushing stress curve for this type of 
tube. as given in Army-Navy Specifica- 
tions ANC-5, “Strength of Aircraft Ele- 
indicates that for a D/t of 100 
the allowable crushing stress will be 
62.000 lb. per sq.in., the ultimate will be 
100.000 Ib. per sq.in.. approximately. 


ments’: 


Torsion Tests 


Torsion tests on the fabricated stain- 
less steel type of section indicate that 
it follows with a fair degree of accuracy 
the generally accepted Donnell’s theory. 


reference (bj). for thin walled tubes in 
torsion, Fig. 15 illustrates the use of this 
section in a. stainless steel amphibian 
which has been giving satisfactory serv- 
ice under severe conditions for the past 
three years. Figs. 16 and 17. show its 
use as a beam and torque tube respec: 
tively in control surfaces. These figures 
also illustrate the attachment of ribs to 
these members. The attachment flange 
shown in each case is a simple stamped 
section. In fabrication of a surface ot 
this type the individual ribs are built as 
separate assemblies and welded to the 
flanges. After completion of all sub-as 
semblies the flanges are slid over the end 
of the tube in the proper order. An eX 
panding copper mandrel is used as an 
insert to weld the flanges to the tube. 
As finally welded, the flanges provide 
stiffening diaphragms for the tube and 
tend to increase both its torsiona! and 
bending strength. 
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Nomograph for Selection of Tap Drills 


NORMAN W. TAYLOR 


Having noted the attention you give to 
nomographs or so-called line charts and 
having found 
savers I naturally have sought to apply 
the same principles to routine problems 
of my own. 

My work in the screw machine prod- 


icts industry requires the checking of 


them to be real time 


many odd-size screws and tap drills for 
the same. Seeking a quick. mistake-proot 
process, I developed this Drill Line Chart 
which I have found to be quite successful. 

In using the chart. the customary cel- 
luloid rule with a hair-line on the under 
used. To determine the 


side is propel 


tap drill. connect the major diameter a- 





Per Cent 
Full Thread + 8 


00 9 80 70 60 50 





In. 
alu 


Diameter, 


Tep Drill, tn 
ni- 


Nominal 





Minor Basic 





Diam Pitch Diam. 


12 


TAP DRILL LINE CHART — NATIONAL STANDARD THREADS 


Pitch 
1 20 24 28 32 36 40 44 48 





Septen ber, 


1939 





omment 


indicated on the ordinate of nominal 


diameters with the intersection of the 


pitch ordinate and the major diametet 
abscissa. The continuation of the hair 
line across the tap drill ordinates will 
indicate the proper drill according to the 
per cent ef full thread desired. 

By noting that the 100 per cent full 
thread ordinate is also the minor diam 
eter ordinate and that the 50 per cent full 
thread ordinate is the basic pitch diam 
eter ordinate, the chart becomes useful in 
selecting the proper thread where space 
is important. A good illustrative case is 
that of the selection of a thread for a 
sleeve and coupling. Also consider the 


choosing of a thread upset on a shaft. 


Mixing Drinks Again 


To the Editor: 


The solution in Product Engineering 
for July. page 306. of Mr. H. E. Smith’s 
wine dilution problem does not seem 
quite clear. Does he mean to evaluate the 
equation 129 times? 

Here is a solution which I think is 
somewhat easier. 

Starting with 100 per 


formula is 


cent wine. the 


a t 
( a 
a 


In this equation ¢ is the number of gal. 
wine left after n dippings of 6 gal. each. 
with equal replacements of water so as 
to keep the volume of mixture at a gal. 
0.15. a 30. b l. 
values and 


In this problem c 

these 
by passing to logarithms, we find n = 
156.42 dips required to reduce 100 pet 
cent 


Substituting solving 


wine to one-half of one per cent 
wine content. 

But the problem starts with 12 gal. 
wine in the mixture. Applying the same 
formula with « 12, we find it required 
27.05 dips to bring it from a 100 per cent 
wine content of 30 gal. down to 12 gal 
Therefore, the 

27.05 129.37. 

Cart P. Nacuop 
Vachod & U.S. Signal Co. 


in the mixture. 
of dips is 156.42 


number 


B.M.T. Subway Car 
To the Editor: 

As a reader of your magazine. I have 
always admired and held valuable much 
of the engineering data published there- 


in. However, in the July number. page 
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280. you have an article on the new 
B.M.T. Subway car which calls for some 
corrections. 
The buffing or impact resistance of the 
body walls is 200.000 Ib.. not 20.000 Ib. 
The traction motors. 8 in number. have 
a service rating of 55 hp. and a maximum 
rating of 70 hp. each instead of 720 hp. 
each. FRANK M. Mires 
Brooklyn, N.Y. 


No! 


Caleulus ?— 


To the Editor: 

The solution of the “Calculus” prob- 
lem on page 306 of Product Engineering 
for July involves ordinary trigonometry. 

This problem may be more easily vis- 
ualized and its importance emphasized 
if we consider it as a Ferdinand prob- 
lem wherein the bull with a ring in his 
nose is tethered to a post in the fence 
of a circular corral of unit radius by 
means of a rope of such length, r, that 
he can graze just one-half of the field. 
Although in the original problem. the 
desired value is called Re it will avoid 
confusion in this solution to drop the 
inferior number by calling it r. 


Then. in the accompanying sketch, the 
area of one-half of the circle of unit 
radius equals the area of the sector 
FACB plus the areas of the two sectors 
OEDB minus the areas of the two tri- 
angles EOB. Stated algebraically with 


angles measured in_ radians. 


w/ 2 r"@A+ 2(r/2 0 r sin 6 
But from the sketch 
sin @ Vil r? 4) and eos 0 = r/2 


Changing from radians to degrees and 
substituting. 


The solution of this equation, which is 
expressed as a function of r, may be ob- 
tained to any desired precision by New- 


ton’s Method. but because the derivative 
is clumsy it is easier to get the slopes 

















of the curve from increments. From a 
rough scale drawing get two fair guesses 
as to the value of r and substitute them 
successively in the expression. 

The difference between the values of 
the function, thus obtained. divided by 
the difference between the two assumed 
values of the variable is the approximate 
value of the slope of the curve at those 
points. On dividing the value of the 
function by the value of the slope a 
minus correction to the variable is ob- 
tained. The process can be repeated until 
it gets beyond the capacity of available 
function tables and each step often adds 
several decimal places to the precision 
of the result. 


We trv 7 1.17 and 7 1.18 and 
obtain 
f (%) = 0.03247 and f (mr) = 0.06433 
The slope then is 
Af (r 0.06433 0.03247 : ; 
. =- = 3 1st 
Ai 0.01 
; F ).03247 
and the first correction ( — = 0.0102 
3.186 


and the first corrected value of the func- 
0.0102 1.1598 
and likewise the second correction gives 
ri 1.1589 
Therefore. R. 


nal problem. 


tion is Fr: Um 


1.1589R, in the origi: 
Harvey S. Parpes 
Ravinia. !1l. 


Is Industrial Design 
\ Profession ? 
To the Editor: 
I was much interested in Mr. Raymond 


letter 
Product Engineering for 


Loewy s which appeared — in 
\ugust. page 
aol. 

The industrial designer I should clas- 
sify as one with a professional calling. 
\ssuredly he is consulted and employed 
for his ability to advise: certainly his is 
“an occupation that involves a_ liberal 
education and mental rather than man- 
ual labor” (though he may question the 
labor”). And that. the die- 


tionary tells us. is a profession or one 


“manual 


of those things that go te qualify. one 
as a professor. 

If the designer is too professional in 
his manner. however. the hard-bitten  in- 
dustrialist thinks he’s too arty and is apt 
to refer to him as a “sissv”: if he isn't 
professional and fails to see the purple 
hillside the industrialist 
thinks he doesn’t know his stuff. It must 
be tough to get a start. for. after all. it’s 


in a brown 


his record of achievement that counts 
most. 
There are some excellent designers who 
would go further if they weren't so arty 
so different from those they are trving 
to serve. There are others who if they 
would put on a little “front” would go 


further. Those who seem to have cone 





the furthest have the 


ability. is 
imagination, plus the human psycho sey 
and naturalness of 


being themse' es. 
They are sufficiently practical that | \ey 


have a business sense to support | \ei 
artistic ability. and to those men m 
to have gone the outstanding acim. 
plishments and most of the busines-. In 


that small group Mr. Loewy should |\ave 

no hesitancy in counting himself. 
Well. | have done much more than 
answer the question. H. S. Sprexcer 
General Plastics. Inc. 


Simple Statement of Merit 
Better Than Comparison 
To the Editor 5 


In the May number of Product Engi- 
neering, page 180. we find a very inter- 
esting article on “Engineering the New 
Rayon Machine” which has been brought 
to our attention by several people with 
regard to the invidious comparison. be- 
tween a cast iron design and a welded 
structure. 

We cannot quite see the object of 
holding up a manifestly clumsy and an- 
cient design of one material and = com- 
paring it with that developed by the 
(American Bridge Company's engineet 
with the former as a target. Granted that 
the gray iron industry is still pretty much 
asleep in using the sales engineer and 
designer to push its wares. the foundry 
end of the business has improved by 
leaps and bounds and it must be admit- 
ted that the 
been held down with considerable success 


“comparative school has 
in our advertising policies. 

The Gray lron Founders’ Society. re- 
sattelle Memorial 
Institute to make a study of and condense 


cently employed the 


into a report the modern literature on 
the engineering properties of gray iron. 
There are many metallurgists and engi- 
neers in the industry entirely competent 
to make such a study but we purposely 
chose an impartial research institute ol 
high standing to do the work in orde! 
that the information obtained might be 


absolutely free from = criticism = of | bias 
toward ingredients or process which >° 


frequently is whispered when book-. re 
ports. ete.. are published by those gain 
ing their livelihood by the marketing 0! 
=pecific products advocated. 

If a material or process has enyinee! 
ing merit it is sufficient so to state with 


out comparison with other mate: 
W. W. Ros! 


Gray lron Founders 


processes, 


Spring Fastening Nut 
To the Editor: 


In presenting a problem en tered 
in the design of an air-operate Tk 


holding ram (Product Engineé 


PropuctT ENGINE! RING 
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— dangerously high.” conveys an idea which letter carefully and find only one. eriti- 
-Guiole piece or ram is neither borne out in practice nor by cism of any moment. 
his preceding statement. For example. The paragraph at the top of page 204 
uated the usual rolled section. The standard is misleading as explained by Mr. Smith. 
I-section has considerable stresses in it The load imposed on a structure from an 
at the time of purchase and to these are outside source seldom causes trouble. 
added the load stresses. Therefore, ac- However a load of large magnitude may 
cording to the statement. the beam should be imposed on the welded joint by the 
fail—but we know it doesn’t. It is not at rigidity of the surrounding parts of the 
all out of reason to say that the usual structure itself. The existence of these 
18.000 or 20.000 Ib. per sq.in. of pulling loads is verified by cracked welds in im- 
| stress is added to the locked up stress on properly welded structures. 
the order of 30.000 Ibs. Then what hap- An example from the author's experi- 
pens? The beam still works. ence was the fabrication of a large gear 
The reason | am bringing this matte blank with four heavy spokes. The spokes 
Fastening nut to your attention is that there has been were first welded to the hub and then 
= so much discussion about it. Because of three of the spokes were successfully 


the lack of knowledge in the average 
customer's or 


welded to the heavy rim. The fourth 
spoke however refused to be welded with- 


out developing a crack in the weld on 


shrinkage 
stresses are very mysterious to him and 


ly. page 304). Mr. Paul E. Rudbeck users mind, 
jated that he is seeking useful ideas for ' 
ding the spring tight in the ram and he becomes afraid of the results. Any 
article in an authoritative magazine 


which hints in the slightest that there 


cooling. the reason being that the struc 
ture was too rigid to permit shrinking to 
take place without rupture. The trouble 
may be no control over these unknown was overcome by 


ide pieces. Here is a suggestion in the 
t rm of a sketch. ; 
\s shown, it consists of a round nut. welding the fourth 
spoke with a smaller electrode and lower 


welding heat. 


whined on the outside to accommodate goblins of shrinkage stresses merely con- 
firms the illogical ideas of the possible 


Kk. W. P. Suir 


Lincoln Electric Company 


pitch and wire diameter of the 
Had the designer taken into account 
the locked up stresses and the resulting 


ring. The internal thread serves to user. 
ommodate the hold-down bolt. Differ- 


tials in the piteh of the spring and To the Editer- = imposed on the structure and speci- 

nut may be used to secure a tight ee ied the proper welding procedure the 
t between the two parts. This arrange- . Mr. Smith is entirely correct concern- trouble would never have occurred. The 
ing the advisability of avoiding any state- article was written as a plea for design- 
ments that will frighten prospective users ers for welding 


of arc welding. | have read Mr. Smith’s 


nt Is equally effective for both = ien- 
rather than to merely 


H. V. Wencer. Jr. 


Jack SHAPIRO 


Veu York. N. Y. 


n and compression. 
specify welding. 





1d 
ry 
’ BP Shrinkage Stress Goblins 
it- 
as the Editor: ‘ ¢ 
‘SS Inthe May number of Product Engin- Can You Work This One ? 
ng, page 203. is an article by H. V. 
i, \enger. Jr. with reference to “Shrink- H. E. SMITH 
la ve Stresses in Are Welded Structures.” 
Ise reading through this article | find Solution to August problem necessarily respectively. At midnight. 
on le excelle Pete “ese » ‘ver , ss ‘ 
eee mere tenes Keeping the Guards Aucay 1 Pekin draws she cards 
bi e as smoke P o < Clo; 
ee * even further attention. In order to deliver one apple to the kin as ai ees te noel : " 
a re, example, - wenger en _ King the Serva picked 15 from the 3. The man who smokes Chesterfields 
welding is the casting of molten steel prize tree. Then, upon giving one-half of originally had as many more, plus one 
fer e ather = unfavorable conditions. what he had plus one-half an apple. o1 half as many more, plus two and a half 
by owing his idea throughout. if I were 8 apples in all. to the first guard. he had cigarettes more than he has now. 
' casually acquainted with or inter- 7 apples left. Following this same. pro- i li elle Mile ie oe ta ke 
ys sorely monn | Anes Soke chahomnent cedure, he next gave 4 to the second stvnlaiia Lasuiiesaitieliiy lighte the tipped 
- id “ id to drive me away from weld- guard, leaving 3: and 2 to the third cud of Shi Cts cheatin. 
" ‘rather than toward it. guard, leaving him with exactly 1 apple 5. Brown draws as manv aces as )i 
! In the third column he says. “Distor- for the King. In those days. graft must ae pe ae 
7 Nis poobably a greater evil than resid: have been a pretty serious problem! 6. The aii who smokes Luckies has 
et ion “‘. -e oe banana smoked two — cigarettes than any 
ith , ; ° This) month’s problem one else. including Perkins. 
al distortion rather than the internal Oe ee ol oe tek ok 
; Ned uy» stresses which cause most of Five Smokers at Poker sintibind. . 7 
7 Soe ches, However, he neem, és eee ; 8. The man who smokes Camels asks 
\Woidin « distortion is sure to increase Five men participating in an evening : a 
% ; nage Jones to pass Brown's matches 
mag ude of the locked up stresses. poker game were named Perkins. Reilly. 
in -ome cases this may be true. on Turner. Brown. and Jones. Each man was Determine from the above facts what 
ther hand there is implied the idea smoking a different brand of cigarettes. brand each man smoked and how many 
this nay be rather serious. and Luckies. Camels, Chesterfields. cigarettes each had at the start of the 
Inthe ast paragraph of page 203. the Raleighs. and Old Golds were their game. This calls for simple mathematics 
eTe ' sent nee is excellent. However. at brands. not necessarily respectively. At logic. and observation -but what engi 
ea top page 204 where Mr. Wenger the beginning of the evening. they had neering problem is not founded on thes 
the resulting stresses may be 20. 15. 8. 6. and 3 cigarettes. but not three things 7 
ING ‘eptem er. 1939 
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VERTICAL SHAFTS 


H. D. SEYMOUR, 
LTHOUGH the vertical shaft drives shown on these pages 
taken 
ounting 


from agitating equipment. the methods fo 
the shaft any 
similar applications. Choice of type of drive and construction 


motor and may be used in 


depends principally upon the following factors: 
available 


ot tran torque 


nents, rigidity 


conditions and service requirements. 

Fic, 1 For small load requirements, this mounting is rigid. 
takes up little and is Motor 
sliding base to permit adjustment of V-belt drive. Frame is 


require space, necessary, operating 


space, readily accessible. has 


constructed of welded structural members. 


Fic. 2- The frame of this small V-belt drive. suitable for light- 
duty applications, is fabricated of structural members. and is 


lesigned to provide easy access to the top of the agitator tank. 


Fic. 3—-For larger units, this drive uses a horizontally-mounted. 
gvear-head motor and V-belt) drive for compactness. Three 


demountable frame sections simplify construction. 


Fic. 4 


unit places the V-belt pulley between bearings to increase the 


For large installations where head room is limited. this 


distance center-to-center of the flange-mounted bearings. Heavy 


welded frame provides rigid support for the shaft. A compact 


gear-head motor was used to permit small pulley sizes. 


VONSANTO CHEMICAL 





COMPANY 
Fic. 5—For light duty on short shafts which are not subjected 
to bending loads, this type of drive has simple construction. 
The entire bearing load is taken by 
angle. 


the bearings in the right 


gear-head motor. Gear-head motor permits use of an 


output shaft larger than standard for increased rigidity. 


Fic. 6—Differing from Fig. 5 in that it has an added flange 


mounted bearing to increase shaft rigidity and to permit the use 
of a longer shaft, this unit also has one leg of the frame offset to 


increase the accessibility of the agitator tank top. 


KG, 7 This represents the simplest tv pe ot direct-connected 
vertical flange-mounted gear-head motor drive. Cvlindrical 
support is rigid and easily constructed. This type of drive 


requires large head room. 


Fic. 8—An adaptation of a parallel gear-head motor to a ver 
tical drive. this unit uses a flange-mounted bearing to decrease 
the load on the motor bearings. Lower frame is fabricated 
with high rigidity for bolting to tank flange. 

Fic. 9—Vertical flange-mounted. gear-head motor drive for 
large units where the duty is severe. An auxiliary bearing 


increases the rigidity of the shaft mountings and heavy I-beam 
sections form a strong welded frame. This type of mounting is 
for cases where headroom is not limited, 


Vertical flange-mounted 
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Iron Molds Made by klectrodeposition 


Open New Reproduction Possibilities 


New process. capable of reproducing intricate patterns. can be 


applied to molding of plastics, ceramics, glass, metal, rubber 


| EVELOPMENT of a new process ot 


electroforming iron) molds which 
can be used to reproduce objects as deli- 
cate as phonograph records. was recently 
reported to the American Chemical So- 
of chemists of the 


Already 


being applied to a wide variety of indus- 


ciety by a group 


United States Rubber Company. 


tries such as rubber and plastic molding. 
ceramics. metal stampings. jewelry, sil- 
verware. and glass. the process can re- 
produce patterns which have 7.400 lines 
in an inch of surface. 

The process consists of coating the ob- 
ject to be copied with a layer of electri- 
cally deposited iron, and then separating 


The 


the metal 


from the object. iron 
molds thus formed. which are usually 
0.375 in. in thickness. are strengthened 


before using by mounting them on a suit- 
able backing. 


be done in a number of ways. depending 


frame or Mounting may 
on the service requirements. If the object 
be fitted into a 
frame of machined steel or cast iron. [r- 


is circular it can usually 


regular shapes can be backed with cast 
metal. such as aluminum or iron, or in 
some cases with sprayed metal. When the 
pressure requirements are low and heat 
conductivity is unimportant. plaster of 
paris can be used. 

Where it is desired to make duplicates 
of an existing mold. a pattern, preferably 
of metal. is prepared from the mold and 
plated with iron. Some molds for rubber 
goods have undercuts. and in these cases 
it is necessary to make the patterns of 
rubber so that they can be removed from 
the mold without breakage. (The exact 
reverse of this process is covered in the 
article “Rubber Molds for 
Metal and Plastics.” 
388 of this number. } 


The thickness of the iron deposited by 


Casting of 


appearing on page 


the new process depends upon the re- 
quirements for the individual mold and 
the method by which the deposited metal 


is to be backed by 


most purposes a 0.375 in. laver of electro- 


other materials. For 


Ivtic iron is satisfactory. It is possible to 








“Trail Blazer” 


Railroad. designed to give maximum pas- 


New of Pennsylvania 


New York- 


features adjustable re- 


comfort) in) 17-hour 


SCHLET 


Chicago service. 


clining seats with foamed-rubber cush- 


ions. dimmed lights at night. mechanical 


air-conditioning. and radio-equipped 


lounge-observation car. Coach interiors. 


decorated in tones of green and brown 


sills to eliminate 


“cold” feeling of metal. and metal parts 


have wooden window 


of aluminum which does not stain lug- 


vage and clothing. Two-car dining unit. 


with air-controlled partition doors) and 
polarized glass windows. is stainless steel 
draft 
and tight-lock couplings with machined 


jolts. 


equipped. Rubber-cushioned yvedal 


faces eliminate starting 





deposit this thickness in about two ks. 
which compares favorably with t! me 
required for engraving a comp! ated 
design. 

The iron solution which has he de- 
veloped has unusually good thr. wing 
power, that is, the particles of mv al in 
solution are capable of being “t wn 


into the delicate and intricate crevices of 
the pattern being copied. Howeve leep 


recesses offer some difficulties an ma\ 


require special treatment. such as the us 
of metal inserts. 

The process offers quick and rlect 
reproduction of the most intricate ¢ tails 
usually with a saving in cost. By use. 
designs available in one material. such as 
carved ivory. can be used to) produce 
molds in which the original design may 
be duplicated in other materials. such as 
glass or plastics. It permits the reprodue- 
tion of rare designs and old pieces wher 
only a single sample may be availabl 


Compact Turbine Unit 
{nnounced in England 


i in ALS have recently been completed 
in England on a new and compact 
steam turbine system. known as the Ma 
Leod geared turbine marine unit. The 
new unit. according to its designers. con 
bines high efficiency. light weight. small 


dimensions. and ease and speed 
maneuvering. 

The unit tested develops 2.500. shatt 
hp. Complete with condenser, oil pump 
thrust block. and reversing gear. thie el 
tire unit weighs only about 28 tons. It is 
9 ft. high from the center of the propell 
shaft and 14 ft. 
bottom of the oil 
installed) in’ an 
l7to ft. 


By comparison, a 


high overall from. the 
sump. and could 

engine-room length o! 
about 
reci proc ating unl 
developing the same power would have 
a weight in the region of 153 tons an 
24 ft. high and take up ove 


31 ft. of engine-room length. It is claime 


would stan 


that the geared turbine unit) would 
about 30 per cent less fuel than 


responding reciprocating sVvstem- 


Vew Industrial Uses 
Sought for Silver 
VILVER RESEARCH, aceordi 


» Ninth Progress Report of the Ame! 
can Silver Producer's Project. n ell 


financed for the third and final \ \ 


be chiefly concerned with comme 
plications of what is already k 
garding silver. Among the mat hase 
under study is its pl 


Several 4 


of silver how 


tion to food containers. 


working on the welding of fh 


sheet to a base metal backing 5 
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clad | ase metals. made by rolling duplex 
ingot: are already in limited use. Excel- 
lent lds of silver-plated steel have re- 
cently been made at Rensselaer Polytech- 
nic In-titute. 

In the field of electroplating. steady 
progress has been reported in the pro- 
ducti of thin nonporous coatings by 
what may be called) standard plating 
technique. but with special attention to 
cleanliness and. the conditioning of the 
eathode surface. 

Silver allovs have given the least re- 
turn for the work undertaken of any of 
the fields thus far explored. No justifica- 


tion has vet been found for adding small 
amounts of silver to some largely used 


materials such as steel or brass. However. 
patents recently published reveal that the 
addition of several tenths of a per cent 
of silver to 18 and 8 stainless steel greatly 
reduces pitting and corrosion of this 
lov in salt water. 


Generators of Future 
lo Be Hydrogen-Cooled 
- eaie PICALLY all) large turbine- 


generators of the future. by using 
hydrogen as a cooling agent. will be able 
t) produce more kilowatt-hours of elec- 
trie energy from each ton of coal. ac 
cording to a recent statement by Mr. 
D.S. Snell. General Electric engineer. 
The use of hydrogen in place of air as 
the cooling agent for turbine-generators 
results in a gain of nearly one per cent 
n full load efficiency and increases the 
output per pound of material about 20 
percent. This gain in efhiciency results 
ntuel savings ranging from about $4.900 
per year for a 31.250-kva.. 3.600-r.p.m. 
machine to about $20.000 per year for a 





Meetings 


FouNpry EQurpMeENtT MANUFACTURERS 
Assocr,ti0oN Annual meeting, Green- 
brier Hotel, White Sulphur Springs, W. 
Va. Oct. 0-7, Arthur J. Tuscany, ex- 
ecutive — secretary, Penton Building, 


Clevelund, Ohio. 


Packvcine Instirure—First annual 
meetur Edgewater Beach Hotel, Chi- 
cago, October 12-13. H. L. Stratton, 


secretary, 342 Madison Ave., New York. 
N. } 


AMbicAN Gear MANUFACTURERS As- 
SOCIATION Semi-annual meeting, VW hit- 
phur Springs, St Joseph, Mich.. 
Octobe 16-18. J.C. 
retary hields Bldg.., 


comb 


VcQuiston,  sec- 


Wilkinsburg, Pa. 


{mt \N Society ror Metars—1939 
Nation Vetals Congress and Exposi- 
tion, ( icago, October 23-27. William 
H. | man, secretary, 70160 Euclid 
lve., veland, Ohio. 
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Flame-desealing this 18.000-lb. stee! 


hydraulic turbine casting with special 
Linde oxyacetylene equipment took one- 
filth the time required for chipping. This 
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relatively new process cracks scale from 
billets. blooms. slabs. forgings and ste 
castings as a result of differential expan 


sion between the seale and base metal 





200.000-kva.. 1.800 r.p.m. unit. The in- 
creased output per pound of material 
ebtained with hydrogen cooling allows 
the limit of output for generators of the 
3.600 r.p.m. type to be increased from 
about 62.500 kva.. the present limit with 
air cooling. to about 81.250 kva. 

One important feature of the hydrogen- 
cooled generator is the arrangement for 
sealing the rotating shaft 
against outward leakage of hydrogen. 


extensions 


The arrangement employs a sealing ring. 
built integral with each generator bear- 
ing. to which vacuum-treated lubricating 
oil is supplied. This creates a film ot oil 
between the sealing ring and the shaft 
which prevents the escape of hydrogen 
from the casing along the shaft. 
Vacuum treatment of the oil supplied 
to the shaft seals. Mr. Snell explained. 
prevents contamination of the hydrogen 
with air that would otherwise be given 
up from the sealing oil. and also pre- 
vents the liberation of hydrogen from the 
oil into the bearing lubrication system. 


Large Interest Shown 


in Machine Tool Show 


4S PECTED far to surpass in attend- 

ance and number of exhibitors the 
last machine tool show which was held 
in Cleveland in 1935, the 1939 Machine 
Tool Show of the National Machine Too! 
Builders Association will) be held in 
Cleveland. October 4 to 13. “The pur- 
pose of the show is to place under one 
roof, for convenience, inspection and 
study. the finest and most modern ma- 
chine tool equipment from every branch 


of the machine tool industry.” stated 
President Wendell E. Whipp. “The last 
four vears have shown substantial ad 
vances in the art of machine tool build 
ing—advances which mean reduced pro 
duction costs. increased productivity pet 
dollar invested. and greater potential 
profits.” 

housed in’ Cleve 
public 


The show will be 
land’s $15.000.000 


which contains over six acres of exhibi 


auditorium. 


tion floors. The number of machines ex 
hibited will run into the thousands. To 
provide the powel required to operat 
the machines upon the exhibit floors. 
special power lines will be installed. car 
rying an 8.500 hp. connected load. Man 
ufacturers from all) over the United 
States and from many foreign countries 
are expected to visit the show. 





Do You Know That— 


20.000.000 
sq.ft. of plate glass. it is estimated. if it 


TELEVISION will) require 


hecomes as popular as radio. The glass 1s 
used for projection screens. (24) 


20.000 


SHAPES now. available an engineer ot 


Krom ALUMINUM. EXTRUDED 
architect can. almost without exception 
seleet a cross-section which exactly meets 


his requirements. (25 


the basis for today s mass 
existed as early as 1215 A.D. 
Magna Carta: 
“There shall be one measure of ale 
throughout our whole Kingdom and one 
measure of corn and one breadth of cloth 


STANDARDS 
production 


in this clause from the 


that is to say. two ells within the selveges: 


and it be of weights as measures. = (26 














Assembling the three 30.000-kva. 13.- 


800-volt Allis-Chalmers generators for 
TVA’s Chickamauga Dam requires lib- 
eral use of dry ice in making shrink fits. 
At the left. the 93-in. diameter thrust col- 
lar is being lowered into place on the 


34-in. generator shaft. The shaft was pre- 
viously cooled to an outside temperature 
of 23 deg. F. by packing its hollow bore 
with dry ice. Felt wrapping prevented 
excessive moisture condensation. At the 
right. tight-fitting hollow 4-in. bolts for 


the coupling between the water wheel 
and generator shaft are assembled after 
shrinking by packing in dry ice. Bolts 
are shrunk for easy removal by piping 
alcohol 10 deg. | 


through their hollow bore as shown. 


cooled to minus 





Case 


(Eprrors Nore: We wish to emphasize 
that in consenting to furnish this column 
wherein general explanations of the lau 
in specific patent cases are set forth, 
Col. H. A. Toulmin, Jr. wants it clearly 
understood “that each actual case should 
be submitted to your own patent attorney 
who is the only one familiar enough to 
advise you accurately.” The purpose of 
these explanations is to give a_ better 
general understanding of questions of 
patent law.) 


No. 13 


QUESTION: To what degree of per- 
fection is it necessary to bring an inven- 
tion in order for it to be patentable? 


ANSWER: 
conception, nor a device which will not 
work successfully is patentable. Since the 


Neither a general idea or 


patent law contemplates protecting only 
such inventions as promote the general 
welfare, the invention must work, or at 
least be so far advanced that it can be 
made to work by applying to it the or- 
dinary skill of the art. 

Most original patents are upon quite 
crude inventions. Some of the greatest 
have been of that sort. as for example. 
the incandescent lamp. the telephone 
and the airplane. Crudeness is no draw- 
back. It is sufficient if the germ of the 
idea be fully and definitely disclosed 
and at least one way of using it be de- 


H. A. TOULMIN, JR. 


scribed. It is the task of the inventor. in 
short. to disclose the idea in so concrete 
a form that it can be developed by scien- 
tists. manufacturers and engineers. Such 
a case is that of the airbrake. When 
first invented it worked — satisfactorily 
enough. but the original one would have 
been of practically no value on modern 
heavy, high-speed trains. It took a great 
deal of improvement to make the mod- 
ern air-brake. 

The invention must be far enough ad- 
vanced so that the inventor can demon- 
trate with certainty the practical efh- 
ciency and utility of the invention. He 
must tell enough so that others skilled 
in the art can understand its workings 
and use and enjoy the invention. The 
disclosure must be in the form of draw- 
ings and descriptions. or in the device 
itself. or both. 

To prevent the presentation to the 
patent office of half-baked, unfinished. 
unworkable ideas in nebulous form, the 
law encourages the inventor to delay 
making his disclosure until he is certain 
that the invention will work. 

Here are some court decisions on this 
subject: 

“The law requires not conjecture. but 
certainty. If the question relate to a ma- 
chine. the conception must have been 
clothed in substantial forms which dem- 
onstrate at once its practical efheacy and 
utility.” 


Histories In Patent Law 


Another: “A conception of the min 
is not an invention until represented i 
some physical form, and unsuecessfu 


experiments or projects. abandoned | 


the inventor. are equally destitute 
that character.” 
\gain: “. . . it is well settled that 


until the invention is so perfected an 
adapted to use it is not patentable... 

In the so-called Telephone Cases tl 
Court said: “The law does not requil 
that a discoverer or inventor. in order | 
get a patent for a process. must hay 
succeeded in bringing his art to the hig 
est degree of perfection. It is enough 
he describes his method with sufficie! 
clearness and precision to enable tho: 
skilled in the matter to understand w 
the process is. and if he points 
some practical way of putting il 
operation.” 

The invention may not even be int 
commercial stage. as pointed out by! 
Supreme Court of the United States 
the following decision: “It is not neces 
sary. in order to sustain a generic pat 


to show that the device is a comme! 
success. The machine patented ma\ 
imperfect In its operation: but |! It él 
bodies the generic principle. ani wort 


that is if it actually and me 
performs. though only in a crude Wa 
the important function by which { mis 
the substantial change claimed 

the art. it is enough.” 
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New Materials and Parts 


Thermostatic Starters 


breakers 
provide s control and overload protection 
for a.c. or d.c. motors of | hp. or less. 
through thermostatic action. After over- 
load, the handle automatically returns 
to the “off” position. When thermostat has 
cooled the 
ready for 


{ new design of auxiliary 


relatches and is 
throwing the 


mechanism 

starting by 
handle to the “on” position. Starter will 
stand a heavy starting load or an over- 
load for 


tripping. 


a brief period of time without 
but will trip before the over- 


© TYPE“T 
sai THERMOSTATIC 
q) ) SwitcH 


MOTOR 


AMP 


MAx 
MOTO 
RATIN TO RESET 
118.230 Switch 
1HP SP j i lala | 

125 | OVERLOAD 
2HP WAIT Two 
250v 1 MINUTES 
AMP ae 


HA 
CAT Nie 


NOLE 


“ON" 





load has continued sufficiently long to 
Callse image. Movable silver roll con- 
tact recedes into a recess in the base. 
effectively snuffing the are. Manufactured 


in both single and double pole. and pro- 
vides a quick make and quick break of 
ils contacts which are silvered to insure 
long | Trumbull Electric Mig. Co.. 
Plainy Conn. 
elt Seal Bearing 

By ¢ a new and simple principle. 
these ble felt sealed bearings have 
‘andar’ single row S.A.E. dimensions 
ot bore. ind inner and outer race widths. 
The st prevents the entrance of dirt 
DY Cont 


of the felt fiber on the polished 
Surtace { the 


race. and by the 
Itilizat 


of the natural tendency of de- 


inne! 
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flected felt to 
shape. Extensive tests have proved that 


resume its original flat 
the new seal retains the bearing lubricant 
and excludes any dust or dirt entry into 
the bearing itself. Friction drag is slight. 
Suitable over a large range of speeds, 
Red Seal bearing is available 
for shafts up to 1 in. in diameter. SKF 
Industries. Inc.. Philadelphia. Pa. 


the new 


Hydraulic Transmission 


Providing a speed range steplessly vari- 
able from 10 to 3.000 r.p.m., this new 2 
hp. oil power variable speed transmission 
is especially designed for machine tool 
applications. Placing the oil power fluid 
motor directly over the multiple piston 
pump requires less space than putting 
the motor and pump in line, and results 
in a smaller and more compact unit. Con- 
trols are simple and extremely flexible. 
The machine has a high overall efficiency 
























































high 


power loss in accelerating from standstill 


with starting torque. There is no 


to maximum speed or in starting and 
stopping. No valves are used in reversing. 
valves. Sund 


Rockford. Ill. 


and there are no rotary 


Machine Tool ( a 


strand 


Bearing Units 


addition to the line. 


bearing 


Constituting an 
ball 


available in self 


Sealmaster units are 


how 
contained flange and 
take-up units. Of the self-aligning type. 


these bearings feature a seal built in 


as an integral part of the bearing proper. 


effectively sealing the bearing against 


all foreign materials, and retaining the 


shaft 


lubricant. Misalignment of the 


cannot interfere with the effectiveness 
of the seal. for even though the bearing 
be removed from the housing. dirt can- 
not enter. Flange and take-up units are 
with the 
as the standard duty cartridges used in 
the pillow blocks of the Sealmaster line. 


Stephens-Adamson Mfg. Co.. Aurora, Ill. 


available same specifications 


Oil Filter 


For the protection of bearings used on 
and 
filter 
installed and removes all solid 
impurities such as fine metal chips. Its 


grinders, automatic screw machines. 


other machine tools. this new oil 


is easily 


main parts and operation are as follows: 
1. Unfiltered oil enters through optional 
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inlet: 2. Oil flows into drawn steel case: 


3. Oil is forced through Leneonite filter- 
ing element: 4. Brass collector tube into 
which filtered oil enters after passing 
through filter element: 5. Clean — oil 


passes through annular 


passage: 
6. Clean oil discharged through optional 
outlet: 7. Drain cock for draining ac- 
cumulated dirt and water from) sump. 
\. C. Sparkplug Div. of General Motors 
Corp.. Flint. Mich. 


Brinell Machine 


Designed specially for Brinell testing 
large and awkward parts such as castings 
and forgings. this new machine facili- 
tates positioning of the part by havine 
a large stationary table and a ram suf- 





ficiently long to cover the range of the 
machine. Operation is controlled by a 
lever on the side of the machine and the 
ram can be stopped in any position, per- 
mitting rapid testing of large production 
lots. Operation is hydraulic throughout. 
and a fractional-horsepower ball bearing 
motor drives the pump. the shaft of which 
is also ball bearing mounted. All working 
parts are bathed in oil. insuring long 
wear and minimum of maintenance costs. 
Two standard sizes are available: No. | 
has a throat depth of 6 in.. maximum 
height of 12 in.. table size of 12 x 20 in. 
No. 2 has throat depth of 9 in.. maximum 
height of 18 In.. table size of 17 x 24 
in. Special machines to any dimensions 
can be built. Detroit Testing Machine 
Co.. 5137 Trumbull Ave.. Detroit. Mich. 


Votor Lubrication 


New method of bearing lubrication 
known as Lubriflush. provides a means 
of ejecting the old devitalized grease 
from motor bearings so that the bearing 


Wiley LL kL AALS 
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is replenished with clean lubricant 


throughout its chamber. 


retaining 
Through a duct leading from the outside 
of the motor. a new lubricant is injected 
to the inner side of the bearing with a 
pressure gun. A drain is placed on the 
opposite side underneath the bearing. 
Grease fitting and drain plug are readily 
accessible. This method. which prevents 
the retention of sludgy substances and 
residue. is now being applied to all U.S. 
motors. U.S. Electrical Motors. Ine.. 200 
kK. Slauson Ave... Los Angeles. Calif. 


Cone-Drive Reducers 


\ standard line of heavy-duty speed 
reducers incorporating the cone area- 
contact type of worm gearing are. capac- 
itv for capacity. roughly two-thirds the 
size of standard worm gear reducers. 


with a proportionate saving also in 
Phe savings are due to the fact 


that the larger area per tooth and greate1 


weight. 


number of teeth ino contact with the 
cone worm gearing permits a material 
reduction ino center distances for the 











same load capacity. High efficicncies 


long life and quiet operation are claim 
for the unit. The new standard. Jin 
cone drive speed reducers are 


vertical type with the worm on thie 


tom. They are designed for heavy duty 


service throughout. Anti-friction — bea 
ings are used throughout except for th 
sleeve bearings on the gear shaft in th 
largest units. Roller bearings are use 
in the gear shafts in the smaller and 

termediate sizes. In the larger spe 
reducers. worm shatts are carried in pal 
thrust and roller radial bearings. Ava 


able in models ranging from 3 in. to 15s 


in. center distance. with wide seleetio 


of standard ratios for each size. Michigai 


Tool Co... E. MeNicols Rd.. Detroit. Mie! 


Coolant Pump 


Model 11023-E Gusher coolant pum 


confines all unsightly piping and delivery 


passages to the inside of the machi 


housing. presenting a good appearance 





PropucT ENGIN ERIM 








Installa 
raneed 
pad on 
reseryvol 
3x5) »-I1 
the rese 
ity flow. 
indepen 
“eyes 
and ma 
thrust | 
vertical 
glands. 
Ther 

within 

non-lub 
liquids. 
motor, 1 
ant in ¢ 
85 gal. 
Ruthm: 
a 


Ad 


More 
powel 


new ty 


voltage 





Cause 

pacity 
suitab| 
would 
jected 
pender 
a Cast 
lo cor 
of the 

SETVICE 
operat 
Suita] 
ing, ( 


Camb 


Fo) 
round 
such 
drica 
this ; 


log at 


Sept 








tIM 











Installation of the pump. which is ar- 
raneed for flange mounting against a 
pad on the side of the machine coolant 
reservoir. requires only 4 cap screws. The 
3x5!.-in. pump inlet opens directly into 
the 
ity flow. Twin suction intakes which enter 
independently into the upper and lower 


eservoir, providing unrestricted grav- 


“eyes of the impeller give good efhiciency 
and maintain an hydrostatically balanced 
thrust to counteract the weight of the 
vertical shaft. Pump has no packing 
glands. foot. relief or by-pass valves. 
There are no metal-to-metal contacts 
within the pump. enabling it to handle 
non-lubricating and abrasive-carrying 
liquids. Equipped with a Y-hp. built-in 
motor. this pump can supply soluble cool- 
ant in quantities up to 65 gal. per min.: 
8 gal. per min. with a *°4 hp. motor. 
Ruthman Machinery Co.. Front and Pike 
Sts.. Cincinnati. Ohio. 


Adjustable Transformer 


More than doubling the amount of 
power controllable by a single unit, two 
new types of Variac transformers for 
voltage control are now available. Be- 





cause of their high power-handling ¢a- 
pacity. the Type 50 Variaes are especially 
suitable for applications where failure 
would be serious and where they are sub- 
jected to considerable abuse. The inde- 
pendent carbon brushes are mounted on 
a cast aluminum radiator. so shaped as 
to conduct heat rapidly from the region 
of the brushes. Type 50-A is for 115 volt 
service. and will handle 5 kva. Type 50-B. 
operating at 230 volts. will handle 7 kva. 
Suitable for either table or panel mount- 
ing. General Radio Co.. 30 State St.. 
Cam} loe, Mass. 


Cylinder Gage 


For iecking inside diameter. out-of- 
round SS and trueness of bore. for parts 
such automobile cylinders and cylin- 
drica vork requiring great accuracy. 
“8 :' gage features three adjustable 
Oocat 


contacts which permit quick and 
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positive location. The three locating con- 
tacts locate the two measuring points 
diametrically and perpendicularly with 
the cylinder. Centralization is assured 
for any diameter throughout the range 
of the gage. Locating contacts are set 
directly in relation to the nominal diame- 
ter of the cylinder. The motion of the 
sensitive contact is transmitted to the 
indicator directly through a rod which 
is suspended by a flat spring and a bel- 
lows spring. The Model 1200 cylindet 
gage is available in two ranges. 2%, 
to 5 in. diameter, and 5 to 10 in. diame- 
ter. Federal Products Corp.. 1144 Eddy 
St.. Providence. R. I. 


Tap Switches 


Tandem assemblies of 2. 3. 4 or more 
of the new Ohmite power tap switches. 
coupled together by special extended 


shafts and compactly assembled by 


through-bolts and insulated spacers. are 
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now available. They are easily mounted 
on panel by 3 screws. These tandem 
assemblies are used to switch both sides 
of a single-phase line or to switch all 
phases of a three-phase line: to provide 
simultaneous control of separate cir- 
applications. The 
completely insulated — by 
steatite hubs. Four sizes of 


cuits: or for othe 
shafts are 
strong 
Ohmite power tap switches are available 
for single or tandem mountings. Details 
of the tap switch are given in Product 
Engineering for June, page 265. Ohmite 
Mfg. Co.. Flournoy St.. Chicago. Hl. 


Precision Standards 


\ new set of precision measuring 
standards, under the tradename of Ultra- 
Chex. consists of nine standards accurate 
to 8 millionths in. and will make 7] com 
binations in steps of v6 in. up to 416 in.. 
and 41 combinations in steps of 0.1 in. 


up to 1.1 in. The set. available for less 





than $20. places high precision accuracy 
within the reach of the small shop. Also 
available with the set is the Scherr Op 
tical Parallel. planeness 
within 4 millionths in. George Scher 
Co.. Inc. 128 Lafayette St. New 
York. N.Y. 


accurate in 


Protective Coatings 
For Magnesium Alloys 


New protective and decorative coatings 
for magnesium alloys. known as Treat- 
ment No. 7 and Treatment No. 8 sur- 
pass other known treatments in protect- 
ing magnesium alloys against salt water. 
and upon general atmospheric exposure 
result in satisfactory adhesion surfaces 
for subsequent paint systems. They in- 
troduce no dimensional change. and may 
be used on parts machined to close toler- 
ances. Treatment No. 7 is usually applied 
to parts after they have been machined. 
and gave a dark brown to black finish 
Dowmetal M. 
Treatment No. 8 may be used on all 
forms and alloys including Dowmetal M. 
This treatment does not affect machined 
surfaces and 


on most alloys, except 


leaves them with their 
original luster. Complete treatment is 


obtained on all surfaces. including the 
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bottom of the deep holes. Another pro- 
tective coating, known as Dow. No. 6, in 
reality a dye coating produced in water 
solutions at high temperatures and pres- 
sures, can be furnished in colors ranging 
from yellow, red, blue, and green to 
metallic lusters such as bronze and brass. 


Dow Chemical Co., Midland, Mich. 


Beryllium Copper Springs 
Vade to Close Tolerances 


production and heat- 
labora- 


Through new 
treating methods developed by 
tory research, beryllium copper coil 
springs can now be supplied in produe- 
tion quantities at reasonable cost to 
close tolerances in length. diameter and 
deflection rate. Special production test- 
ing equipment employing the Electronic 
Micrometer) method of “pressureless” 
vaging has been developed for inspee- 
tion to these closer tolerances. Greater 


endurance streneth. hizher electrical 


x. 
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conductivity and reduced set or drift are 


obtained by using specially processed 
beryllium copper wire, with the coiling 
and heat-treating operations for each 
production lot predetermined by labora- 
tory tests. Present facilities are designed 
to produce springs coiled from wire up to 


1. in. diameter, with a maximum coil 


diameter of 2 in.. and in lengths up to 10 
in. A complete stock of tested beryllium 
copper wire in all B&S gage sizes from 
0.009 to 0.1285. in. 
prompt shipment of trial or production 
orders. Instrument Specialties Co. Ine.. 


Little Falls. N. J. 


s maintained for 


Heater Motors 


Designed for use where rugged, quiet, 
efficient. constant duty motors are needed. 
such as in automobile heaters, these 
motors are wound for either 6 or 12 volts 
d.c.. and have efficiencies ranging from 
35 to 47 per cent, depending on the size. 
To prevent loss of lubricant and to 
eliminate the oil problem, sealed bearing 


retainers and efficient oil slingers are 


employed. Field coils are heavily taped 


and all live parts have ample clearance 


from metal parts to successfully guard 





against grounding. Quietness is achieved 
through the use of ten flat commutators 
and inherently balanced armature wind- 
ings. Commutators are diamond turned. 
Available in a variety of sizes ranging 
from 1/100 to 1/20 hp. Deleo Appliance 
Div.. 391 Lyell Ave.. Rochester. N. Y. 


Finish for Wood 


Reducing the time required for or- 
dinary wood finishing from 20 hr. to 5 hr. 
or less. a new finish, known as H.T.A. 
Zaponite, replaces three coats with one. 
The new process offers a method of apply- 
ing. in one coat. half as much solids as 
formerly were used in the three-coat fin 
ish. yet obtains the body and fullness of 
the three-coat finish. The finish is applied 
by special apparatus that maintains a 
temperature just under 200 deg. F. at the 
spray gun nozzle. The work is then air- 
dried at room temperature for Yo hr. to 
an hour; it is next force-dried two to 
three hours at 120 deg. F. to 140 deg. F. 
No sealer is required before application. 
Zapon Div.. Atlas Powder Co.. Stamford, 
Conn. 


Wrinkle Finishes 
For Flexible Materials 


For coating flexible materials such as 
fabrics, paper. and leather. this new 
wrinkle finish is attractive and practical. 
Finish is applied by spraying. knifing. or 
is rolled on. The character of the finish 
causes it to dry into a wrinkle pattern of 
uniform texture. The texture may be 
varied from small to coarse, depending 
upon the requirements of the manufac- 
turer. It will not chip or peel. New Wrin- 
kle. Inc., Dayton, Ohio. 


Vinyl Resin Sheets 


Sheets of synthetic vinyl resins have 
the outstanding property of permanence 
of size and shape. Composed of a ther- 
moplastic resin of copolymerized vinyl 
acetate and vinyl chloride. and known 
as “Vinylite” series 5 resins. the sheets 
are available in any color, transparent. 
translucent, or opaque. Three choices 
of finish are offered. calender. matte. or 





high gloss. No aging is required 
they are manufactured, and they d. yot 
warp. They are completely non am. 
mable, and have low moisture a},-orp- 


tion. Produced in the standard s of 
20x50 in.. and in standard thickness 
from 0.01 in. to 0.03 in. Also availa in 
continuous rolls 22 in. wide. Sheets igh 


approximately 84 lb. per cu. ft.. and iave 
a tensile strength of 8.000 to 10.000 Jp. 
per sq. in. Carbide and Carbon (C\iem.- 
12nd ae New ) irk. 


icals Corp., 205 E. 


N. Y. 


Speed Reducer 


This new motorized reduction unit. con- 
stituting an addition to the Type SVE 
straight-in-line  “Ratiomotor.” hh a 
double reduction drive. The unit can }. 
disassembled if necessary into three unit 
parts for inspection or installation. These 
three units are made up of the motor and 


motor pinion. the center housing with a 





driven internal and a driving spur gear 
mounted on one shaft. and the output end 
shield and shaft with a driven internal 
anti-friction bearings 
carry all radial and thrust loads. Avail- 
able with output speeds of 108, 144, 172. 
230 and 276 r.p.m. Equipped with a 1» 
hp. or a 34 hp. motor. Boston Gear 


Works. Inc... North Quincey. Mass. 


gear. Precision 


Zirconium-Copper 


Zirconium-copper, a new material tot 
improving standard brasses and bronzes. 
is now available in the form of a con- 
centrate. Two standard concentrations. 
containing 121% per cent and 35 per cent 
zirconium are supplied. They are pre 
duced by the Hydrimet process which 
insures high purity. Zirconium not only 
acts as a deoxidizer and scavenger ol 4 
melt. but when alloyed with manganes¢ 
bronzes, aluminum bronzes and others. 1! 
hardness and nsil 
strength, higher thermal and _ electrical 
conductivity, and improved corrosion Ie 


gives increased 


sistance. Fine grain materials with clea? 
grain boundaries result from its use. The 
concentration will alloy immediate!y and 
without difficulty with a melt. P. I). Mal: 
lory & Co., Inc., Indianapolis. Ind 
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Patents and the Public Interest 


H. \. Toutmin. Jr.—22 illustrations, 


1 pages, 6x834 in. Blue clothboard 
covers. Published by Harper & Bros., 
19 East 33rd St.. New York, N. Y. Price 
89.50. 

Col. H. A. Toulmin, Jr.. well known to 


Product Engineering readers through his 
current articles on patent law, presents 
in this book a penetrating factual study 
of the patent 
tracing its 


system. Beginning by 


reasons for existence and 
economic background, the author goes on 
to discuss patents and public problems, 
dealing with patent pools. monopolies 
and suppression. and the effect of inven- 
tion on labor, the farmer. and the general 
public. 

Of particular significance in the light 
of recent agitation for reorganization of 
Washington. the 
book analyzes the various proposals for 
reform. In the final section of the book. 
the author reviews recent contributions 
and the effect 
of these developments on the public. 

The author states: “This book is not a 
defense of the patent system nor a muck- 
raking expedition into its troubles. It is, 
[ hope. a fair survey of the good in it, the 
bad that ought to be out of it. 


the patent system = in 


of the “tomorrow mind 


and the 
suggested lines of a reasoned revision of 
the system. Time and tides move on, and 
no system of laws of men such as this 
can ignore the changes dictated by the 
public interest.” 

Throughout his entire presentation. 
Mr. Toulmin adopts a fair and intellec- 
tual attitude, arriving at the general con- 
clusion that the patent system. despite 
its recognized difficulties. has been and 
will continue to be a tremendous power 
in stimulating the inventive effort by 


which the American standard of living 
Is Talse 


Refrigerating Data Book 
and Catalog 


Fourt! edition. 527 pages, 6% x 91% in. 
Clothbourd covers. Published by the 
Imericw Society of Refrigerating Engi- 
neers, West 39th St., New York, N.Y. 
Price S 

Previv..s editions of this data book have 
dppeare, in 1932, 1934 and 1936. This 
ew vol. cae is edited and labeled as Vol- 
ume I. \\efrigerating Principles and Ma- 
chinery with revisions scheduled every 
lour ye It will be followed in 1941 by 
Septen ser, 1939 


Volume Il. a data book on refrigeration 
applications. The greater part of the ma- 
terial appearing in the book is new. but 
the style of presentation conforms with 
previous issues. New material includes 
discussion of compression systems. fluid 
flow, refrigerant properties and tables, in- 
cork, conductivity 
tables and surface coolers. A food proper- 


sulation problems. 
ties section, a section on domestic and 
commercial refrigerating machinery. and 
a section on controls have been added. 
The book is conveniently thumb-tabbed 
and indexed. 


Engineering Opportunities 


R. W. Cryne. Eprror—397 pages, 
Wyx8l4 in. Clothboard covers. Pub- 


lished by D. Appleton-Century Co., 35 
West 32nd St., New York, N.Y. Price 83. 


Edited for the man who contemplates 
field. or the 
engineering student who needs guidance 


entering the engineering 


in choosing the particular field in which 
to apply his technical training. this book 
contains 26 essays giving a_bird’s-eye 
view of industrial engineering today. 

The various authors are experts in 
their individual fields. In writing about 
each industry. they cover briefly the back- 
ground. present status and_ possibilities 
for the future. Engineering industries de- 
automotive. 
aviation. metallurgy. glass. photography. 
plastics. rubber and steel. 


scribed include aluminum. 


Machine Design 


Winston—145 
tions, 26 tables, 333 pages, 5Yox8\4 In. 
Waterproof clothboard covers. Published 
by the American Technical Society. 
Drexel Ave. at 58th St... Chicago, Ill. 
Price $8.2. 


STANTON E. illustra- 


This new book should be of particular 
value as a beginning text in machinery 
design. The author has selected for his 
text. material that is basic to machine 
design in general, bringing out in its 
treatment the general ideas of engineer- 
ing analysis which are fundamental to 
the entire field of design. The material is 
presented as simply and clearly as pos- 
sible, by means of many examples which 
illustrate the method of analysis and se- 
quence of thought required in solving 
design problems. The calculus is 
avoided: the only mathematics required 
is trigonometry and logarithms. For this 
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reason, several rational formulas are in- 
cluded for which no derivations are given. 

The subjects covered include: princi- 
ples of simple and compound stresses: 
bolts and screws: cylinders and riveted 
joints, shafting and keys: 
clutches: 


couplings and 
pulleys, sheaves: friction and 


vear drives. 


Engineering Properties 
of Gray Cast Tron 


0 pages. 7%4xI1 in. 
Gray Tron 


Published hy the 
Society. Inc.., 1010 
Cleveland. Ohio. 


fk ou nder s 
Public Square Bldg.., 


This book is a carefully prepared critical 
summary of the vast amount of information 
available on gray cast iron. In the first part 
of the book reliable data on the common 
mechanical properties have heen collected 
and are presented in tabular form. This is 
followed by i discussion of the effects of 
ection size on the mechanical properties. 
Those additional properties of the material 
which cannot be expressed in terms ol simple 
tests or listed numerically are discussed in 
the next part of the book. The book contains 
a section of comment on the inter-relation of 
the properties of gray cast iron. Several 
pages of literature reference. grouped by 
Lople s, complete the presentation. 


Simple Blueprint Reading 
With Particular Reference to Welding 


142 pages, 83x11 in. Blue imitation leather 
Published by the Lincoln Electric 
Co., 12,818 Coit Road, Cleveland, Ohio. 
Price 50 cents. 


covers, 


Compiled primarily for welders, this mim 
eographed book information of 


value to engineers working with mechanical 


contains 


design and construction. A comprehensive 
explanation gives the reader 
standing of symbols used in drawings of 
different types of welded joints. The 85 
illustrations interspersed with the text offer 
many practical examples. 


a clear under 


Throughout, the 
hook is presented in a manner to facilitate a 
quick grasp of the subject and to provide 
easy reference. 


Practice in Machining 


Zine Alloy Die Castings 


18 illustrations, 24 pages, 84x11 in. Pub 
lished by 7 he Ve u Jersey Zine Co.. 160 Front 
St., New York, N. Y. 


This booklet fills a long-felt need in offer 
ing an accurate and comprehensive discus 
sion of the machining of zine alloy die 
castings. After dealing with general con 
siderations, the book covers the types of 
tools, tool grinding, speeds and feeds, and 
lubricants necessary for drilling, tapping, 
threading, reaming, facing, turning, milling, 
broaching and shaving, grinding and polish 
ing, buffing, punching, and all other machin 
ing operations. Liberal use of illustrations 
supplements the text. 

Every method reviewed in this publication 
is 


n actual commercial use, and is the 
recommendation of some die caster, some 
large user of die castings, or some tool 
manufacturer. 
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Manufacturers’ Publications 





ADJUSTABLE-SPEED Drive —Reliance Elec 
tric & Engineering Co., Ivanhoe Rd., Cleve- 
land, Ohio. Bulletin 307, 6 pages, 84x11 
in. The new Reliance Type VS drive for 
small units of 1 hp. and up is described and 
illustrated in this bulletin. 


Ain) Compressors Schramm, Inc., West 
Chester, Pa. Sales data book, 9%4x12 in., 
blue leatherette binding. The complete 
Schramm line of portable and stationary 
compressors, pneumatic tools, and miscella- 
neous compressors are described and_ illus- 


trated in this well-presented catalog. 


BAKELITE. Synthane Corp., Oaks, Pa. In- 
structions for machining Bakelite-laminated 
are given in the form of a condensed chart 
suitable for hanging on the wall. Of addi- 
tional interest is a brief comparison of the 
circumstances under 


should be 


prefabricated. 


which the material 


machined by the purchaser or 


Batt Bearing Bearing Div., Stephens- 
Adamson Mfg. Co., Aurora, Il. 
739, 8 pages, 84x11 in. Describes and il 
lustrates the line of SealMaster ball bearing 
pillow blocks, flange units, and take-up units. 


Catalog 


Dimensions and load capacity tables are 
included. 


Capacitor Morors General Electric Co., 
Schenectady, N. Y. Bulletin GEA-2420, 4 
pages, 8'5x11 in. Type KC capacitor motors 
of 1, to 34 hp. and 1,725 r.p.m., and 4 to 
1 hp. and 3.450 r.p.m., single phase, 60 
evele, are illustrated and described = in this 
bulletin. 


Capacitor Motors Westinghouse Elec 
tric & Mfg. Co.. East Pittsburgh, Pa. Bul- 
letin F8485, 85x11 in. This booklet shows 
cutaway drawings, outline dimensions and 
typical installations of capacitor motors of 
1/20 to 34 hp. for unit heater, fan and 
blower applications. 


Cuain Drive Morse Chain Co., Ithaca, 
N. Y. Bulletin 75, 12 pages, 8%x11_ in. 
Specification tables and capacity curves for 
the new Morse Round Pin Roller Chain are 
viven in this well illustrated booklet, which 
also covers Morse clutches and Morse flexible 
couplings and universal drives. 


Clutch  Co., 1503 
Bulletin 
Conway large size 
Bulletin XYZ-L, 4°) pages, 
8'!4x11 in., Conway sleeve clutches. 
P-24, 16 pages, 8'%x11 in., 
clutches. Bulletin 36, 8 pages, 84x11 in. 


CLUTCHES Conway 
Queen City Ave.. Cincinnati, Ohio. 
L28, 8 pages, 8YoxI1 in., 
dise clutches. 
Catalog 
Conway disc 
Conway compression clutches. Bulletin 
K-32, 4 pages, 8'ox1] in.. 
lution clutch and cam knockout type. 


Conway one-revo 


Carlyle Johnson Machine Co., 
Catalog 1939, 10. pages, 
Describes 


CLUTCHES 
Manchester, Conn. 
Ox9', in. Johnson — friction 
clutches with metal-to-metal friction, as well 
as the Super-Johnson type with Raybestos 
faced expansion ring. Includes complete 


dimension charts and tables. 


CoLtcomaL Grarenite-—-Acheson Colloids 
Corp., Port Huron, Mich. Bulletin 102B, 4 
Method of lubrication of 


devices lacking continuous oil supply are 


pages, 8'4x11 in. 


covered in this bulletin, which also includes 
special formulas and treatment for dry lubri- 
cation of rubber and wood. 


Macnerv Wire Anaconda Wire & Cable 
Co., 25 Broadway, New York, N. Y. Catalog 
C-352, second edition, 92 pages, 84x11 in. 
Information on electrical and physical prop- 
erties of magnet wire is given in this well 
presented catalog which contains many pages 
of tabular and technical data. Much space 


is also given to the use of magnet wire coils. 


Motors —Allis-Chalmers Mig. Co... Mil 
waukee, Wis. Bulletin B-6010, 8 pages, 
8'4x11 in. Illustrates, describes, and_ lists 


prices for squirrel cage and direct current 
motors. The common types of squirrel cage 
motors and their applications are listed in 


tabular form. 


Trumbull Electric Mfg. 
Co., Plainville, Conn. 
8l4x11 in. Trumbull type “TT” manual 
motor starters are covered in this bulletin. 


Moror Switcu 
Bulletin, 4 pages, 


Features of operation in construction, appli- 
cations and dimensional data and suggested 
specifications are set forth. 


NicKEL ALLoys International Nickel Co.. 
Inc., 67 Wall St., New York, N. Y. “Tre- 
mendous Trifles,” 16 pages, 84x11 in. Tech- 
nical and mechanical data on nickel, Monel, 
Inconel, “Z” nickel, “K” Monel, and other 
high nickel alloys are presented with illus- 
trations and charts in this booklet. 


Oi Gace Piucs -Gits Bros. Mfg. Co., 
1846 62 So. Kilbourn Ave., Chicago, Il. 
Bulletin, 6x9 in. Illustrates and describes 
Gits brass gear case oil gage plugs, styles 
BW Hex, and CW Flanged. 

Prittips Screws Pheoll Mfg. Co.. S700 
Pamphlet 639, 
Describes the Pheoll 
Phillips recessed head screws and bolts which 


Roosevelt Road, Chicago, Hl. 
1 pages, 84x11 in. 


have recently been added to the complete 
line of Pheoll fastenings. Illustrations show 


the advantages and applications. 


PRECISION SPRINGS — Instrument Specialties 
Co., Inc., Little Falls, N. J. Bulletin de- 
scribes precision springs made from. beryl- 
lium coppel and other precipitation-hardened 
alloys. The new precision technique of elec- 
tronically measuring springs, and available 
production facilities are also covered. 


PyromMeTeR -C. J. Tagliabue Mfg. Co... 
Park and Nostrand Aves., Brooklyn, N.Y. 
Catalog LIOIE, 34 pages, 84x11 in. The 
complete line of Celectray electric pyrom- 
eters, thermometers, photoelectrically —bal- 
anced recorders, indicators, controllers and 
recording controllers are listed and described 
in this well illustrated catalog. 


RecriFiers—Hanson-Van Winkle-Munning 
Co., Matawan, N. J. Bulletin ER-102. Com- 





plete detailed treatise on copper-ox 


e( 
fication equipment for producing low tage. 
direct current, for electrodeposition 

Rot_er Beartncs—SKF Industrie. [yy 
Front St. and Erie Ave., Philadel; Pa 


Bulletin 250-5S-7-39, 32 pages, 8!. in 
The application of SKF double row eyliy 
drical roller bearings in machine to 


pu 


dles is discussed in this booklet Vani 
typical mountings on various ty 


machine spindles are — diagrammat ical) 


described. 


Ruspper— Manhattan Rubber Mfg . 94 
Townsend St., Passaic, N. J. “Manhatta 
Rubber Products for Industry.” Condensed 
catalog of mechanical rubber goods describes 
many products manufactured by Manhattan. 
including belting, hose, packing, Ided 
rubber goods, industrial asbestos ctio 
material, rubber roll coverings, tank linings. 


and abrasive wheels. 


SOLENOIDS General Electric Co... Schene: 


tady. N. Y. Bulletin GEA-2080. iges 
8l4xll in. Describes and illustrates ax 
and d.c. solenoids, Type CR9503, for genera 


industrial applications. 


STAINLESS STEEL——Atlas Stainless Stee 
Castings, Div. of Atlas Foundry Co.. Irving 
ton, N. J. “Castings of Stainless Steel, 
12x9 in. Sets forth desired characteristics 
of stainless steel castings and includes ar 
extensive list of the many uses of this meta 
Allis-Chalmers Mig. ( 
Bulletin B-6012, 12 pages 
Illustrates, describes and. gives 
Metal-clad vertica 
switchgear. Bulletin B-6011, 12 pages 
84x11 in. The Allis-Chalmer- — Indo 


Cubicle Type of switchgear is covered int 


SWITCHGEAR 
Milwaukee, Wis. 
8'4x11 in. 
dimensions — for 


bulletin. 


THERMO-MaAcGvetic RELAYS —Roller-S 
Co.. 1766 West Market St.. Bethlehem, P 
Catalog 12-A, 8 pages, 8'44x11 in. This b 
letin illustrates, describes and gives wiring 
diagrams for the Type DT-1 thermo-magnet 
relays designed especially for motor, get 


erator, and transformer protection. 


THermocoupLes ~The Foxboro Co.. Fox 
boro, Mass. Bulletin 2350, 36 pages. Therm 
couples, thermocouple assemblies, and part: 
made by Foxboro are illustrated and de 
scribed in this bulletin. which gives cetaile 
specifications for various types and 
information as to the temperature ranzes. 


TRANSFORMERS Dongan Electric \Ifg. ( 
Detroit, Mich. Bulletin N-639-1, 8!.x11 
Describes the advantages and features 0 
new line of streamlined 1940 luminous tub: 
transformers. 


Vatves Jenkins Bros., 80 White “t.. 


York, N. Y. Form 183, 24 pages XO 
in. This booklet is a photographic idy « 
all types of iron valves, analyzing the facto 
of valve life and maintenance. The book! 
includes a handy reference char! givile 
types, sizes and figure numbers for orderin 


Jenkins 125 Ib. iron valves. 


Wiring Devices 
Bridgeport, Conn. 


Harvey Hubbe'!, In 
Catalog 24, 8 page 
8144x1054 in. This complete catalos cover 
the line of Hubbell Rugged wiring device 
with lists of specifications and pric: 
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Helical Spring Tables—Il 


HEREAS — the 


helical compression springs usu- 


specification — of 


illy calls for long. tedious calcu- 
lations. this article presents a short-cut 
method whereby a spring for general pur- 
poses is “selected” from a table. The first 
part of this article. presented on pages 
61-304 of the August number of Product 
Engineering, covered the general consid- 
erations of this quick method. Table A. 
ontaining data for the choice of the 
proper stress group. was given and dis- 
cussed. The first page of Table B. cover- 
ng springs from i in. to % in. in out- 
side diameter, was included with com- 
plete derivations of table values and dis- 
cussions of terms used. In the October 
number the proper procedures for the se- 
lection of the six general types of springs 
will be presented in a manner which can 
readily be made into mimeographed or 
printed forms for use in cases where 
number — of 


specification of a large 


springs Is required. 
Total Deflection from Table C 


Usually. the following conditions are 
prevailing when a_ helical compression 
spring operates with a reciprocating mo- 
tion: The working stroke or range is only 
acertain part of the total deflection. and 
the load at the maximum working length 
sthe basie load. So the total deflection 
involves First. the free 
length without load; second. the maxi- 
mum working length (assembled length ) 
with thi required load: and third. the 
minimum working length with an_ in- 
creased load. The choice of the load in- 
Crease during the working stroke depends 
on the operating conditions. Therefore. it 


three stages. 


is preterable to base the spring design 
a predetermined load — increase. 
Whereas in) present spring calculations 
this | increase and. therefore. the 
‘tress range which is definitely related 
lit, u-nally are found afterwards. and 
that ne of the reasons why different 


iameters and wire sizes must be 


Mside od before a suitable spring is 
Gelermi ved. 

But th the working stroke given and 
1 def value chosen for the load in- 
Crease ring the stroke, it is possible to 
predet ine the load at the minimum 
work ength and the total deflection. 
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before selecting a certain. size spring. 
Letting 


r load at maximum working length 
P load at minimum working length 
l load increase factor Fale 

5 working stroke 

D total deflection 

Then P rat (13) 


and. since the load increases in direct 
proportion to the deflection. 


P, P 
dD 
But 
P, = P 
Pi Pi — P 
Dp - 
Dividing both sides of the equation by 
P,. it is found that 
—_ : I 
D 
Solving for D, we have 
DD = — (14) 


Therefore. when P,, i and s are given 
and D are 
obtained from Equations (13) and (14). 
The values of D for various strokes s and 


in the spring requirements, P 


load increase factors i are given on Table 
C. Thus. the load at the minimum work- 
ing length and the total deflection are 
found with a minimum of effort. as pet 
directions in the spring selection forms 
to follow. For values 7 or s not shown on 
Table C. the total deflection D is found 
according to the formula on the bottom 
of the table. 


Length of Inactive Coils 


The combined space occupied by the 
inactive coils at both ends may be taken 
as follows: 


Squared and ground ends 2 X wire 
diameter 

Squared ends. not ground 3 X wire 
diameter 

Open ends. ground or not ground 
allow space equal to wire diameter. 

Squared and ground ends are used 
most frequently. Squared ends which are 
not ground are preferable for thin wire. 
especially when the spring index (rela- 


tion between mean coil diam. and wire 


size) is large. Open ends. either ground 
or not ground, are sometimes used when 
the length of the spring must be held 
down to a minimum, but these springs 


n handling. 


vet easily tangled 
Vaterials 


The stress group Table A’ shows a 
number of spring wire materials. as well 
as the stress groups recommended for the 
various materials and for different types 
of loading and different load increase fac- 
tors 7. Since the stresses used in Table B 
are limited to three values for each wire 
size. the stresses according to Table A 
compare only approximately with modern 
stress recommendaticns and are usually 
somewhat on the conservative side. But 
for the general run of springs. the choice 
of stresses is quite sufficient. In the fol- 
lowing are a few notes on the individual 
materials. The first three of these are 
more common tor general purpose spl ings 
than the remaining ones and are sepa- 
rated by a double-line on Table A. 


Music wire is used for wire diameters 
up to 0.080 in. and sometimes larger 
sizes. They are drawn to a= different 
vage system than the standard Wash 
burn and Moen sizes. But the W.&M. 
sizes given in Table B can be matched. 
within 0.001 in. with W.&M. music wire 
sizes. Therefore, in order to simplify 
Table B. all sizes are standard W.&M. 
To avoid confusion. it) is preferable to 
specify wire sizes in decimal inches. 


PRETEMPERED CARBON STEEL WIRE. Is 
very common for the medium sizes. Heat 
treatment 


(blueing) after coiling is 


usually preferable so as to eliminate 


stresses set up in coiling. 


Hor ROLLED CARBON STEEL WIRE is used 
for larger sizes. Should be quenched and 
tempered after coiling. Sizes over Yo in. 
show a noticeable decarburization of the 
surface and a consequent drop in_ the 
torsional modulus. To compensate foi 
this. reduce the table load for sizes over 
ly in. by 10 per cent. but leave the ratio 
R unchanged. 

HARD DRAWN 


CARBON STEEI WIRE 


comes in medium sizes. Price is lower. 
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but this wire is not suitable for severe STAINLESS STEEL WIRE resists corrosion Has better fatigue resistance than 
service. and is suitable for higher temperatures straight carbon steel. Suitable to 6) rat 
of around 500 to 600 deg. F. Stainless at temperatures up to about 400 dig, F. 
HiGH GRADE VALVE SPRING WIRE. for steel has a lower torsional modulus. To be quenched and tempered after 
| | 
springs of medium wire sizes. High en- Therefore, the table loads should be re- coiling. 
durance limit makes this material suit- duced by 10 per cent. but the ratio R 
able for severest service. Should be heat as shown in Table B should be main- NON-FERROUS SPRING WIRE materials 
treated (blued) after coiling so as to re- tained for this material. are not included in Table A, because they 
move stresses due to coiling. Suitable for are not drawn to Washburn & Moen 
operation at temperatures up to about CHROME-VANADIUM-STEEL WIRE used for sizes and thus cannot be selected from 
350 deg. F. springs of medium and larger wire sizes. Table B. 
ry ‘ T a 
Table C—Values for Total Reflection, D 
Work- LOAD INCREASE FACTOR, i 
ing 
Stroke LZ L 20 l.dao 1.4 1.5 1.667 1.8 2 
In. : 
Frac. Dec. Frac Dec. Frac. Dec. Frac. Dec. Frac. Dec. Frac. Dec. Frac. Dec. Frac Dec 
1/32 3/16) 0.188 5/32} 0.156 1/8 | 0.125 7/64) 0.109 
, 64 9/32) 0.281 15/64) 0.234 3/16) 0.188 0.164 9 614 0.141 
1 16 3/8 | 0.375 5/16| 0.313 1/4 | 0.250 7/32| 0.219 3/16) 0.188 5/32) 0.156 9/614 0.141 1/8 | 0.125 
5 61 15 32. 0.469 25 64 0.391 5/16) 0.313 0.273 15/64) 0.234 1 Q. 195 0.176 5/32) 0.156 
3/32 9 16 0.563 15/32) 0.469 3/8 | 0.375| 21/64| 0.328 9 /32| 0.281 15/64) 0.234 0.211 3/16 0.188 
7/64| 21/32) 0.656 35/64) 0.547 7/16) 0.438 0.383; 21/64) 0.328 0.273 0.216 7/32) 0.219 
18 3/4 | 0.750 5/8 | 0.625 1/2 | 0.500 7/16) 0.438 s3/e | @.3i5 5/16} 0.313 9/32) 0.281 1/4 | 0.250 
§/32 15 16 0.938 25/32) 0.73! 5/8 | 0.625| 35/64) 0.547 15/32| 0.469 25/64 0.391 0.352 5/16) 0.313 
3/1611 1/8 | 1.125 15/16 0.938 3/4 | 0.750} 21/32) 0.656 9/16) 0.563 15/32| 0.469) 27/64) 0.422 3/8 | 0.375 
7/32\1 5/16) 1.313) 1 3/32) 1.094 7/8 | 0.875 19/64! 0.766) 21/32! 0.656 35/64| 0.547 0.492 7/16 0. 438 
1/4 1 1/2) 1.500) 1 1/4 1.250) 1 1 000 7/8 0.875 3/4 | 0.750 5/ 0.625 9 16 0.563 12 0.500 
9/32|1 11/16, 1.688) 1 13/32) 1.406; 1 1/8 | 1.125) 63/64! 0.984! 27/32! 0.844 15/64) 0.703 0.633 9 16 0.563 
5/16|1 7/8 $75) 1 9/16 1.563) 1 1/4 1.250)1 3/32) 1.094 15/16) 0.938 25/32) 0.781 15/64; 0.703 5/8 0.625 
11/32'2 1/16) 2.063) 1 23/32) 1.719) 1 3/8 1. 375/1 13/64) 1.203|)1 1/32) 1.03] 55/64, 0.859 0.73 11,16 0.688 
3/8 |2 1/4 2250 } Z/s 1.875} 1 1/2 1.500)1 5/16) 1.313)1 1/8 L225 15/16) 0.938) 27/32) 0.8144 3/4 (0) 750 
13/32\2 7/16 2.438) 2 1/32) 2.031) 1 5/8 1.625)1 27/64) 1.422)1 7/32) 1.219)' 1 1/64!) 1.016 0.914 13,16 0.813 
7/16i2 5/8 2.625| 2 3/16 2.188) 1 3/4 1.750}1 17/32) 1.531)1 5/16) 1.313) 1 3/32) 1.094 63 61 0.981 7/8 0.875 
15/32|2 13/16) 2.813) 2 11/32) 2.344) 1 7/8 1.875]1 41/64) 1.641}1 13/32) 1.406) 1 11/64] 1.172 1.051 15 16 0.938 
1/2 |3 3.000| 2 1/2 | 2.500) 2 2 000)1 3/4 1.750)1 1/2 | 1.500) 1 1/4 1.25011 21/3 L251) 1 000 
9/163 38 }.oco1 2 33/36) 2.813 2 1/4 2.250)1 31/32) 1.969)1 11/16) 1.688) 1 13/32!) 1.406|1 17/64) 1.266)] 1 8 L.12 
5/8 |3 3/4 3.i3001 3 L/s 2. a25|) 2 8/2 2.500\2 3/16) 2.188/1 7/8 1.875) 1 9/16) 1.563)1 13/32) 1.406)1 1/4 | 200 
11/16/4 1/8 1.125) 3 7/16) 3.438) 2 3/4 | 2.750/2 13/32| 2.4062 1/16) 2.063) 1 23/32) 1.719)1 35/64| 1.547|1 3/8 | 1.37 
3/4 |4 1/2 1.500| 3 3/4 3.750! 3 3.000\/2 5/8 | 2.625/2 1/4 2.250) 1 7/8 1.875)1 11/16) 1.688)1 1/2 1 500 
13/164 7/8 1.875] 4 1/16) 4.063) 3 1/4 3.290/2 27/32) 2.84412 7/16) 2.438) 2 1/32) 2.031|1 53/64) 1.828)1 5/8 | 625 
7/8 5 1/4 ». 250; 4 3/8 1.375) 3 1/2 | 3.500/3 1/16) 3.063/2 5/8 | 2.625) 2 3/16) 2.188/1 31/32) 1.96911 3/4 |. 70 
15/1615 5/8 5.625) 4 11/16) 4.688) 3 3/4 3.79013 9/32) 3.281/2 13/16) 2.813) 2 11/32) 2.344/2 7/64) 2.11911 7/8 | 810 
| 6 6.000 5 5.000 4 1.000/3 1/2 $5003 3.000) 2 1/2 | 2.50012 1/4 | 2.25012 2 O00 
l 1/8 6 3/4 | 6.750|\ 5 5/8 | 5.625| 4 1/2 t.500/3 15/16) 3.938/3 3/8 | 3.375) 2 13/16) 2.813/2 17/32| 2.053/2 1/4 ? 200 
Ll 1/4 17 1/2 | 7.5001 6 1/41 6.250! 5 2.000/4 3/8 | 4.375/3 3/4 | 3.750) 3 1/8 | 3.125|/2 13/16) 2.813/2 1/2 | 2.0W 
| 3/8 8@ Y/4 8.250! 6 7/8 | 6.875) 5 1/2 5.500\4 13/16) 4.813/4 1/8 1.125) 3 7/16) 3.438/3 3/32) 3.094\2 3/4 2 (OV 
1 1/2 19 9.000} 7 1/2 | 7.500) 6 6.000/5 1/4 | 5.250/4 1/2 | 4.500) 3 3/4 | 3.75013 3/8 | 3.375)3 3. QW" 
1 5/8 9 3/4 9.750} 8 1/8) 8.125! 6 1/2 | 6.50015 11/16) 5.688/4 7/8 1.875) 4 1/16) 4.06313 21/32| 3.656)3 1/4 }. 200 
| 3/4 8 3/4 | 8.750) 7 7.000'}6 1/8 | 6.125)5 1/4 | 5.250) 4 3/8 | 4.375)3 15/16 3.938/3 1/2 | 3.08 
| 4/8 9 3/8 S315) 7 1/2 7.590060 9/16) 6.563'55 5/8 5.625] 4 11/16) 4.688/4 7/32) 4.21913 3/4 5. cou 
2 10 10.000 8 8.0007 7.000 6 6.000 5 5.000|4 1/2 1.500 1 1. O00 
> 3/4 ) 9.000|\7 7/8 | 7.875\6 3/4 | 6.750) 5 5/8 | 5.625/5 1/16) 5.063/4 1/2 | 4.50 
2 1/2 10 10.0008 3/4 | 8.7507 1/2 | 7.500) 6 1/4 | 6.250/5 5/8 | 5.625/5 > 
2 3/4 9 5/8 | 9.625/8 1/4 | 8.250) 6 7/8 | 6.87516 3/16) 6.1885 1/2 | 5.90 
; ) 9.000 7 12 7.5006 3.1 6.7506 ». QU 
$ 1/4 9 3/4 | 9.750) 8 1/8 | 8.125/7 5/16) 7.313)}6 1/2 | 6.98 
$ 1/2 8 3/4 | 8.7507 7/8 | 7.875|7 gue 
34 is 9 3/8 | 9.3758 7/16 8.4387 1/2 oy 
DD 
{ i | 10 10.0009 9 0008 5 OU" 
» (VU 
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Table B—Selection of Springs 
Continued from p. 364, fugust Number 
Low Srress Group Merpium Srress Group High Srress Group 
SprinG | Wire | Spring D D ' 
0. D Dia. I. D. Sa EFL. ee EFL. es EFI 
* IN. IN. Cos yon SPRING Per Cos em SPRING PER CoILs a SPRING Pen 
Per “p Ratio Con PER “p Ratio Coin PER “PD ’ Ratio Con 
IN. in R if IN. ci. R f IN. i R t 
N. IN. IN 
0348 193 6 res 1.39 .120 5 2.80 1.34 150 4 2.58 1.39 80 
O41 181 6 2.80 L. 7) 0978 a1y o.90 1.49 122 5 1.20 1.36 147 
O4TS 168 7 L.3s re; . 0808 6 2.41 1.65 10] a4 6.49 1.50 121 
054 155 F 6.32 2.10 0680 6 7.90 1.96 0850 6 9.48 1.63 102 
9 0625 138 8 9.721 2.26 0554 7 12.2 2.06 0692 6 11.6 2.01 0831 
16 .072 1i9 8 14.7 2.40 0449 7 18.4 2.94 0562 6 ze. 2.47 0674 
080 103 8 20.0 3.28 0381 7 25.0 3.00 OLTT 6 30.0 2.92 0572 
0915 380 7 i 1.66 0306 z 36.8 3.74 0382 6 14.2 3.61 0158 
fs 5 ee 7 31.6 1.88 0293 Z ES ae 3.90 0366 6 17.4 3.79 OLLO 
1055 oe - 10.6 6.57 0218 7 19.8 2.20 0207 6 39.8 9.20 0320 
O41 913 514 yee 1.47 .124 11, 3.16 1.43 155 1 3.79 1.35 186 
O4T5 930 6 3.91 1.62 . 103 > 1.88 l 55 129 11, 9.85 1.44 155 
054 Dad 6 a. te 1.9] 0871 a1%6 i oe 1.67 109 5 8.58 1.53 131 
. 0625 00 rf 8.80 2.00 0714 6 11.0 1.87 0893 314 3.2 1.70 107 
. 072 18 7 L3..3 2.45 0581 6 16.7 2.28 0730 a1, 20.0 2.08 O876 
2 080 165 < 18.2 2. 86 0499 6 23 7 2.67 0624 6 ai. 2a O719 
8 0915 112 7 26.8 3.33 0405 6 33.5 3.30 0506 6 10.2 er es 0607 
re 138 7 28.8 3.68 0389 6 36.0 3.43 0186 6 13.2 2 86 0583 
1055 114 4 37. ] 1.89 0292 6 15.5 1.65 0359 6 a4.6 3.87 0130 
1205 381 6 54.2 7.26 .0230 6 66.5 2.92 0282 6 (9.8 1.93 0338 
lg 375 6 60.1 7.79 0214 6 is 6.35 0263 6 88.5 5.29 O315 
O41 606 114 Zon 1.45 Ss | 2.88 ee: 192 3144 3.16 Dias 230 
0475 593 3 a. oe Br .128 Il, 1.16 1.39 . 160 314 a 1.49 192 
054 980 a16 ee 1.67 109 11, 6.53 1.64 136 1 7.83 1.54 163 
0625 563 6 8.01 1. 86 0895 5 10.1 1.79 DY 11, 12.1 1.66 34 
O72 o41 6 12.2 2.26 0737 514 RE 1.98 0921 9 18.3 1.8 111 
I 080 528 6 16.6 2 63 0633 6 20.8 2.11 0791 5 24.9 2.11 0919 
16 0915 505 6 24.6 ee 0517 6 30.8 2.58 0647 314 36.9 ae 0776 
5 500 6 26.4 3.30 0198 6 30.0 2.68 0622 aly 39.6 2.43 OTAT 
1055 re 6 34.1 1.42 O37E 6 11.9 3.60 0463 a4 20.2 | 0556 
1205 1 6 20.0 5.54 0301 6 61.4 4.52 0369 316 73.6 1.11 O41 
ly 138 6 ao 5.92 0282 als 68.1 9.26 0316 514 8L.8 1.39 O4IS 
135 118 515 | 69.1 7.45 0244 S14] 84.7 6.07 (299 515 | 102 5.06 0359 
O45 055 114 3.28 1.43 155 314 1.10 1.47 194 314 1.92 > 233 
O54 612 5 1.80 i 58 132 1 6.00 Ba 165 314 7.20 ie 199 
0625 625 514 7.40] 1.66 110 115 9.25 1.62 137 1 11.1 1.52 lot 
.072 606 514 LL. S 2.01 0907 5 14.1 1.76 113 114 16.9 1.63 136 
080 590 6 13.3 2.is 0783 i) 19.2 2.04 0978 115 20.0 1.90 117 
nd 0915 567 6 22.1 2.09 0644 514 28.4 2.26 0805 5 3h] 2.07 0965 
4 3 563 6 24.4 2 69 0621 51, 30.5 2.34 0776 = 36.6 2.15 0931 
1055 939 6 au. 3.52 0174 16 38.7 3.13 0582 5 16.4 2.87 0698 
1205 509 514 16.3 1.77 0381 aly 6.9 3.89 0168 5 68.2 3.56 0561 
4% 500 516 51.4 9.08 0358 d14 63.1 1.14 0139 5 75.8 3.80 0527 
ll 180 a1 64.2 9.8] 0313 5 18.8 5.2] 0384 5 94.5 1.34 0161 
83 153 5 83.8 (.62 0263 ) 103 6.21 0322 5 123 Swe leg 0387 
| ad 767 314 1.14 1.53 187 314 5.17 | 1.32 234 23, 620] 1.30 28 
| 25 790 | 6.38 1.60 156 314 7.97 1.47 195 3 9 57 1.43 23 
O72 731 114 9.70 LZ 130 1 2.39 L154 163 314 11.6 1.47 195 
| 080 715 115 3.2 1.97 mH i 1 16.6 Brees 141 314 19 9 1.69 170 
| 0915 692 5 "7 i 2.3 0939 115] 21.6 1.89 117 t | 29.5 1.78 111 
» | 32 688 5 21.1 2.20 0907 116 26.4 1.96 113 1 31.6 1.81 36 
kd .1055 661 5 27.4 2.85 0701 5 33.6 2.30 0860 114 10.4 2.15 103 
8 .1205 631 5 10.4 3.50 0572 5 19.5 2.85 O702 115 59.4 2 61 0812 
| 625 5 14.9 3.7] 0540 115] 55.1 3.36 0662 15] 66.1 2. 80 0795 
} 135 605 5 56.2 1.20 0177 114 68 9 3.80 0585 114 82.7 3.17 0702 
} .1483 978 2 (3.6 1.93 0106 114 90.3 1.46 0198 115 | 108 3.72 0598 
| 563 116 | 85.6 6.01 6370 116 | 105 1.89 0154 1 | 126 1.59 0545 
162 a5] 114 94.6 6.41 . 0346 116 | 116 2.24 0424 1 139 1.9] 0509 
ta 521 414 | 122 i 38 .0293 1 149 6.95 0360 1 179 5.79 0132 
be 
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SPRING SPRING 
O. D. :. BD. DEFL. DEFL. 


SAFE , SAFE 
IN. lr SPRING Per CorLs SPRING Per SPRING 
Loab LoAbD 


p Ratio Cou PER Pp Ratio Coin Ratio 
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